
Learn about 

monkey blood 

and health

with the 

Monkey Health Explorer

project!

Presenter Notes
Presentation Notes
Start by asking the class about health and about blood. 
Who has ever had blood drawn at the doctor's office? 
What does blood do for us? 

Gather everyone’s responses and then elaborate on the topic of the composition of blood. 

Explain that blood plays many important roles in keeping us alive and healthy, such as oxygen transport, protection, and regulation!
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Presenter Notes
Presentation Notes
Explain that if we zoom in very closely, we can see that blood is composed of different parts: plasma (mostly water), platelets, white blood cells (WBCs) also called leukocytes and red blood cells (RBCs) also called erythrocytes. 

Components of Blood:

Plasma makes up 54% of blood. It is mostly composed of water and salt and contains blood proteins; it is the substance that suspends the other components of blood (RBCs, WBCs, and platelets). 

Red Blood Cells (RBCs) make up 42% of blood and contain hemoglobin, which is responsible for carrying oxygen to your body. 

Platelets make up about 3% of blood and are the smallest cells in blood. They form clots to stop the flow of blood when you have a cut or other injury.

White Blood Cells (WBCs) make up about 1% of blood and are our immune system cells that help fight off infections and diseases. 

When we go to the doctor’s office, sometimes we get our blood drawn for blood tests. Blood tests provide valuable insight to what’s going on inside our bodies. I.e. Are we fighting off an infection or parasite? Are we having an allergic reaction? 

The percentages of each component of blood we discuss here, is based on humans.



Blood Cell Analysis

White Blood Cells

Red Blood Cells
Platelets

Presenter Notes
Presentation Notes
How are blood smears made? 
A sample of blood is collected.
A drop of blood is placed on a microscope slide and then smeared across the slide using another slide or other tool.
The slide is processed so the cells are fixed in place on the slide and a stain is applied, which binds to certain components of the cells to make them visible under a microscope, as shown here.

Monkey Blood
This is actually an image of blood from a rhesus macaque monkey. All the blood images we are working with today come from an ongoing collaborative research project investigating how genes and health influence social behavior in rhesus macaque monkeys. We will explore more about these monkeys and the research project as we learn about blood.

First, we will be making our own blood smear model to visualize the proportions of each component, and make our own blood count analysis. 

Next, we will learn about the different blood cell types, how to identify them in blood smears, and what they can tell us about the health of an individual.

At the end, we’ll be able to help scientists analyze blood smears and contribute to research with the Monkey Health Explorer project. 
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Presenter Notes
Presentation Notes
Rhesus macaques (Macaca mulatta) are monkeys native to many countries across Asia, especially India and Southern China. The monkeys on Cayo Santiago were brought to the island in 1938 from different regions across India, and the population has been studied for decades. The Caribbean Primate Research Center maintains the island.

These social animals are the largest mammal on the island and free to roam the island and form social groups. They are provided supplemental food (Purina monkey chow) and water, but otherwise mostly left alone. Researchers observe the social behaviors between individuals, such as who is more or less dominant and who grooms who.

Once a year, a group of monkeys are captured briefly to be evaluated and measured. A sample of blood is taken at this time, similar to when we go to the doctor for a checkup. The blood smear images used in today’s class come from these monkeys. 

Learn more about rhesus macaques at https://primate.wisc.edu/primate-info-net/pin-factsheets/pin-factsheet-rhesus-macaque/

What can we learn by studying monkey blood? 
This allows the researchers to evaluate the health of the animals at the time their blood was collected as well as study their DNA. Researchers are looking to find connections between their health, genetics, and social behavior. Studying monkey health can give us valuable insights into similar processes in humans. 

Guess how much of our DNA we share with Rhesus macaques? 52%, 76%, 93%, 98%
(93%)

The monkey blood smears we are discussing today are part of a public participation project called Monkey Health Explorer on an online platform called Zooniverse. This is part of a larger collaborative project involving multiple researchers working on different projects with these monkeys.




Monkey Health Explorer
MHE Team

Presenter Notes
Presentation Notes
Rhesus macaques (Macaca mulatta) are monkeys native to many countries across Asia, especially India and Southern China. The monkeys on Cayo Santiago were brought to the island in 1938 from different regions across India, and the population has been studied for decades. The Caribbean Primate Research Center maintains the island.

These social animals are the largest mammal on the island and free to roam the island and form social groups. They are provided supplemental food (Purina monkey chow) and water, but otherwise mostly left alone. Researchers observe the social behaviors between individuals, such as who is more or less dominant and who grooms who.

Once a year, a group of monkeys are captured briefly to be evaluated and measured. A sample of blood is taken at this time, similar to when we go to the doctor for a checkup. The blood smear images used in today’s class come from these monkeys. 

Learn more about rhesus macaques at https://primate.wisc.edu/primate-info-net/pin-factsheets/pin-factsheet-rhesus-macaque/

What can we learn by studying monkey blood? 
This allows the researchers to evaluate the health of the animals at the time their blood was collected as well as study their DNA. Researchers are looking to find connections between their health, genetics, and social behavior. Studying monkey health can give us valuable insights into similar processes in humans. 

Guess how much of our DNA we share with Rhesus macaques? 52%, 76%, 93%, 98%
(93%)

The monkey blood smears we are discussing today are part of a public participation project called Monkey Health Explorer on an online platform called Zooniverse. This is part of a larger collaborative project involving multiple researchers working on different projects with these monkeys.
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Presenter Notes
Presentation Notes
The Zooniverse website has many research projects spanning a wide range of disciplines that anyone with an internet connection can participate in. 
You can also get to the Monkey Health Explorer project and others through SciStarter.org, a website that helps people find projects to get involved in both online and in person in their area.



Presenter Notes
Presentation Notes
For the Monkey Health Explorer project, blood samples taken from rhesus macaque monkeys are spread onto microscope slides to make blood smears, which are then scanned by a special microscope. The scanned images are broken into thousands of smaller images for uploading onto the Zooniverse project page, where volunteers from all over the World help identify the blood cells. 
There are 2 types of workflows and each start off with a tutorial to show you how the project works. 




Presenter Notes
Presentation Notes
The original workflows (on the left) show large images where you click on each white blood cell, then choose the type of cell it is from a list. 
The newer, “single cell” workflows (on the right) show cropped images where you just select from a list the type of white blood cell found in the center of the image.
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Red Blood Cells
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Presenter Notes
Presentation Notes
Now let’s explore the components of blood with a candy blood smear model.

Provide each student with a sealed plastic snack bag with measured candies [2 Tbsp Red Hots, 1 tsp Nerds, 1 tsp (3-5) Jelly Beans or Skittles]. Bags can be prepared ahead of time or scooped during class for an extended activity.

Explore the example blood smear image to identify the components of blood: plasma, platelets, RBCs, and the 5 different WBCs. 
Note that we will go more in depth on WBC’s in the next activity. 

Have the students check that their bag is sealed, then have them mix up the contents by shaking the bag. Have them pretend to collect a smear by placing the bag on the desk in front of them and gently swiping the side of their hand across the baggie to spread out the items inside. 
What do they see?�3 different types of candy  

Ask the class what they think each item represents in their candy blood smear. 
Which candy is larger/smaller? �Skittles/jelly beans are largest, like white blood cells. Nerds are smallest, like platelets.
Which candy is more/less abundant?�Red hots are the most abundant, like red blood cells. Skittles/jelly beans are the least abundant, like white blood cells.

Assign the air/empty space in the bag as plasma, the Nerds as platelets, the Red Hots as red blood cells (RBCs), and the jelly beans/Skittles as white blood cells (WBCs).



Complete Blood Count
White Blood Cells

Red Blood Cells
Platelets

Typical CBC numbers 
in adult human blood

Red blood cells: 4.5 trillion/liter

White blood cells: 6.5 billion/liter

Platelets: 200 billion/liter

Ratio WBC:RBC ~ 1:600

Presenter Notes
Presentation Notes
Why do we need to identify and count the blood cells?
In a traditional complete blood count, a technician examines a blood smear under a microscope and counts how many red blood cells, white blood cells, and platelets they find. They also record which type of white blood cells they see as they count them. They continue to count blood cells until they have counted 100 white blood cells. Now, blood is typically evaluated on a machine which can read additional components such as hematocrit and hemoglobin.

The ratio of WBCs to RBCs is calculated as well as the percentage of each type of WBC, and the Neutrophil to Lymphocyte Ratio (NLR). These values in the blood sample are compared to the “normal” ranges expected for a healthy individual to determine if any particular cell types are out of the normal range.
Why do you think it is important to study blood counts? 
A CBC can show valuable insight about our overall health and detect a wide range of infections and diseases



Photo Credit: Lauren Brent

Sick 
Monkey?

Presenter Notes
Presentation Notes
Today we’re going to help evaluate the blood of this monkey who doesn’t seem to be feeling good. [Show them the image of a “sick” monkey.]
These are wild animals, so they don’t have names like pets do, so let’s give it a name just for today. Before we can figure out what might be wrong with our monkey friend, we need to learn more about the different types of white blood cells and how to identify them.




Field 
Guide

Presenter Notes
Presentation Notes
Now we are going to focus more on white blood cells and how they play a role in health.
Have students look at the example images in the WBC field guide as you discuss each WBC type. Note that the cell stains can differ slightly between samples, with some looking more pink and others more purple. Generally, red blood cells all look similar, no matter what color the stain gives them.



Basophil

Neutrophil

LymphocyteMonocyte

Eosinophil

Red 
Blood 
Cells

Red 
Blood 
Cells

Platelet

Presenter Notes
Presentation Notes
Here we show close ups of 5 white blood cells as examples for describing their distinguishing characteristics.
First, you will notice that the majority of cells found in the images will be red blood cells like those pointed out here.
There are also platelets, which are seen as very small darkly-stained shapes.
The cells we are focusing on in this project are the white blood cells indicated here: Neutrophils, Eosinophils, Monocytes, Lymphocytes, and Basophils
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RBC
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cytoplasm 
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Presenter Notes
Presentation Notes
We will look at Neutrophils and Eosinophils together because they have similarities that can cause them to be mistaken for one another.
Both are 2 to 3 times as large as red blood cells
The nuclei of both have multiple lobes that show up as connected dark shapes.
Eosinophils typically have 2 to 3 shapes as shown in the example image on the right, while neutrophils tend to have more as shown in the example on the left.

A very distinguishing characteristic is the relative darkness of the cytoplasm.
Neutrophil cytoplasm is lighter with small pinkish granules , while eosinophil cytoplasm is darker, red-purple granules that give it a shaded look.
One way to help identify the relative light or darkness of the cytoplasm is to compare it to an adjacent donut-shaped red blood cell.
The neutrophil cytoplasm will look more similar to the inside of the donut, while the eosinophil cytoplasm will tend to be as dark as the outer, solid part of the donut.

One more factor to consider is how common the cells are. In humans, Neutrophils make up 40 to 60 % of white blood cells, while eosinophils are only 1 to 4 %.
 
Neutrophils (most common with 40-60% abundance in humans)
WBCs that attack bacterial invaders that enter the body; also called first responder cells.

Eosinophils (less common with 1-4% abundance in humans)
WBCs that attack parasites that enter the body (example: worms) and are part of allergic response and asthma.



(A)

(B)

Practice What You’ve Learned!
Which of these cells is an Eosinophil?

2-3x larger than RBC
Multiple dark shapes 

Pinkish granules in cytoplasm 
Most common (40-60%)

2-3x larger than RBC
2-3 dark shapes 

Red-purple granules in cytoplasm
Less common (1-4%)

(C)

(D)

Neutrophil Eosinophil

Presenter Notes
Presentation Notes
Let’s test what we’ve learned so far.
Which is an Eosinophil? (B)

Key:
(A) Neutrophil
(B) Eosinophil
(C) Neutrophil
(D) Red Blood Cell
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Presenter Notes
Presentation Notes
Now let’s compare Monocytes to Lymphocytes because their similarities can cause them to be confused for one another as well.

A major distinguishing characteristic between these two cells is their size.
Monocytes are the largest of the white blood cells and can be more than 3 times as large as red blood cells. 
Lymphocytes are much smaller with the nucleus being about the size of a red blood cell.

Both appear to have a single, large nucleus, but the shape of it is typically different.

The monocyte nucleus has two lobes that are often pushed together to look like a single irregular shape, like a ball of clay that has been pushed in multiple places.
The lymphocyte nucleus is typically more rounded and smooth.

They both have a lighter cytoplasm that can be more blue-purple and have no granules. 
You typically see much more of the cytoplasm in the monocyte than in the lymphocyte and monocytes sometimes have vacuoles.

Monocytes are much less common and make up only 2 to 8 % of white blood cells in humans, Lymphocytes are more common and make up 20 to 40 %.

Monocytes are considered circulating phagocytes. When debris, microbes, or parasites invade the tissues, monocytes attempt to engulf and devour the invaders through openings called vacuoles.
Lymphocytes are responsible for carrying out specific immune responses and primarily attack cells (for example, attacking cancerous and virus-infected cells). There are two types of lymphocytes, T & B cells. We can’t distinguish between T and B cells in this activity.




Practice What You’ve Learned!
Which of these cells is a Lymphocyte?

Slightly larger than RBC
1 rounded shape

Light blue-purple cytoplasm
Common (20-40%)

2-3x larger than RBC
Large irregular shape

Light blue-purple cytoplasm
Less common (2-8%)

(A)

(B)
(C)

(D)

LymphocyteMonocyte

Presenter Notes
Presentation Notes
Let’s test what we’ve learned now. 
Which is a lymphocyte? (C)

Key:
(A) 2 Eosinophils
(B) Neutrophil
(C) Lymphocyte (with a Neutrophil to the right of it)
(D) Monocyte
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Presenter Notes
Presentation Notes
Like most of the white blood cells, Basophils are 2 to 3 times as large as red blood cells.
The cell has an s-shaped nucleus almost hidden by the many darkly-stained granules that look like small pebbles against the cytoplasm.
They are very rare with fewer than 1 found for every 100 white blood cells identified. 

Basophils (rare with <1% abundance in humans)
WBCs that store the chemicals heparin and histamine and are used to promote inflammation (example: allergies)



Neutrophil Eosinophil BasophilLymphocyte Monocyte

Practice What You’ve Learned!

Slightly larger than RBC
1 rounded nucleus

Light blueish cytoplasm
Common (20-40%)

2-3x larger than RBC
Multi-lobed nucleus

Light pinkish cytoplasm 
Most common (40-60%)

2-3x larger than RBC
2-3 lobed nucleus

Red-purple granules
Less common (1-4%)

2-3x larger than RBC
Large irregular nucleus
Light blueish cytoplasm

Less common (2-8%)

2-3x larger than RBC
S-shaped nucleus

Large dark granules 
Rare (<1%)

(A)
(B)

(C)
(D)

What are these 4 white blood cells from left to right?

Presenter Notes
Presentation Notes
Let’s test what we’ve learned about identifying WBCs.
What are these marked cells?
Key:
(A) Neutrophil
(B) Lymphocyte
(C) Eosinophil
(D) Neutrophil



Photo Credit: Lauren Brent

Blood 
Assessment

Presenter Notes
Presentation Notes
Now’s your chance to collect and analyze blood cell images from our sick monkey to assess what might be wrong.




Neutrophil

Eosinophil
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Monocyte

Presenter Notes
Presentation Notes
We’ll be using our classification worksheet to evaluate our monkey’s blood.
The front page is like the original workflows in the Monkey Health Explorer project looking at larger images, while the back page is like the single cell workflows using cropped images.
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Presenter Notes
Presentation Notes
As a class, classify the white blood cells in image 1
The WBCs on this image are blown up on the screen to make it easier for students to see for this practice.
Key from top to bottom: Neutrophil, Neutrophil, Neutrophil, Lymphocyte, None (cluster of platelets)



N L M E B

N L M E B

N L M E B

2

Neutrophil

Eosinophil
Basophil

Lymphocyte
Monocyte

Presenter Notes
Presentation Notes
As a class, classify the white blood cells in image 2 and enter the classification data in the worksheet.
The WBCs on this image are blown up on the screen to make it easier for students to see for this practice.
Key from top to bottom: Monocyte, Neutrophil, Lymphocyte



Count and Record the # of White Blood Cells on the Front Page.

Copy the front page counts to the table on the back page.

4 2 1 0 0

Presenter Notes
Presentation Notes
Have students count each white blood cell type on the front page and record it at the bottom of the page. 
Key: Neutrophil 4, Lymphocyte 2, Monocyte 1, Eosinophil 0, Basophil 0
Have students copy their front page counts to the table at the bottom of the back page.



Use your field guide to help you ID the white 

blood cells on the back side of your worksheet.

Monkey Health Explorer 
Practice Worksheet

Neutrophil

Eosinophil
Basophil

Lymphocyte
Monocyte

Presenter Notes
Presentation Notes
Have the students study their field guides and classify the WBC’s on the back of the worksheet. 



N L M E B N L M E B N L M E B N L M E B N L M E B N L M E B N L M E B N L M E BN L M E B

Presenter Notes
Presentation Notes
Review images as a class with the correct answers. 
Row 1 Key from left to right: Neutrophil, Lymphocyte, Lymphocyte, Neutrophil, Neutrophil, Eosinophil, Neutrophil, Eosinophil, Eosinophil



N L M E B N L M E B N L M E B N L M E B N L M E B N L M E B N  L M E BN L M E B

Presenter Notes
Presentation Notes
Review images as a class with the correct answers. 
Row 2 Key from left to right: Basophil, Eosinophil, Neutrophil, Eosinophil, Lymphocyte, Neutrophil, Neutrophil, Eosinophil



N L M E B N L M E B N L M  E B N L M E B N L M E B N L M E B N L M E B N L M E BN L M E B

Presenter Notes
Presentation Notes
Review images as a class with the correct answers. 
Row 3 Key from left to right: Neutrophil, Neutrophil, Neutrophil, Lymphocyte, Neutrophil, Eosinophil, Neutrophil, Neutrophil, Lymphocyte



N L M E B N L M E B N L M E B N L M E B N L M E B N L M E B N L M E B N L M E BN L M E B

Presenter Notes
Presentation Notes
Review images as a class with the correct answers. 
Row 4 Key from left to right: Neutrophil, Lymphocyte, Neutrophil, Neutrophil, Neutrophil, Neutrophil, Monocyte, Lymphocyte, Lymphocyte



N L M E B N L M E B N L M E B N L M E B N L M E B N L M E B N L M E BN L M E B

Presenter Notes
Presentation Notes
Review images as a class with the correct answers. 
Row 5 Key from left to right: Lymphocyte, Neutrophil, Eosinophil, Neutrophil, Neutrophil, Neutrophil, Lymphocyte, Neutrophil



Record the White Blood Cell Counts on the back page.

23 10 1 8 1

4 2 1 0 0

27 12 2 8 1

Presenter Notes
Presentation Notes
Have students count each white blood cell type on the back page and record it at the bottom of the page. 
Key: Neutrophil 23, Lymphocyte 10, Monocyte 1, Eosinophil 8, Basophil 1
Have students calculate the total counts for each white blood cell type.



Neutrophil
Most common (40-60%)

27

Lymphocyte
Common (20-40%) 

12

Monocyte
Less common (2-8%)

2

Eosinophil
Less common (1-4%)

8

Parasitic Infection?

Basophil
Rare (<1%)

1

54% 24%

4% 16%

Total WBCs: 50
2%

Presenter Notes
Presentation Notes
Look at the White Blood Cell Counts along with the typical ranges (for humans).

Can we compare the numbers to the “Normal” ranges?
No, we need to compare percentages to the “Normal” percentages. 
Have students calculate the percentages of each WBC type.
e.g. % Neutrophils = (# Neutrophils/Total WBCs)*100
Key Neutrophil 54%, Lymphocyte 24%, Monocyte 4%, Eosinophil 16%, Basophil 2%

Math trick - there are 50 total WBCs counted in this example, so a quick percentage calculation would be to multiply the number of cells by 2 [(X/50)*100 = 2X where X = # of a particular type of white blood cell)].

Compare the percentages of each white blood cell type with the standard ranges provided on the worksheet. Which looks the most different from “normal?”
The % Eosinophils are the most different from the “normal” range.

Ask students to hypothesize what might be wrong with the monkey based on what they’ve learned of the job of each type of white blood cell and what makes the most sense for where the monkeys live. 
Have them look at the info about each type of WBC on the back of the worksheet.
Viral infection, bacterial infection, parasitic infection?

Eosinophil 1-4% - Fight parasites & cancer cells, Part of allergic response,& asthma (high levels might indicate a response to a parasite, allergens, or asthma)
Most likely a parasitic infection



Analyzing Population Data - Summarize

Monkey Data Variables
Sex

Year

Social Group

Age

WBC Counts

Summarize WBC Data
Convert counts to %

Minimum, Average, Maximum, 
Standard Deviation, Variance

Across all Animals, By groups within a 
variable

Presenter Notes
Presentation Notes
For this next activity, we’re going to examine real blood count data from a set of animals from the Monkey Health Explorer Project and use statistics to test hypotheses. 

When investigating monkey health, it is important to research the environmental factors and social dynamics at play. 

For example, female rhesus macaques are born into one (their natal) group and rarely move to other groups. In contrast, males at puberty will emigrate from their natal group to another group (1).
What might be health differences between females and males?
stress differences in staying in a familiar place versus leaving
What might be the consequences of moving to a new group? 
exposure to new pathogens from new monkeys and environment

Additionally, we can add that many human societies show social gradients in health with socioeconomic status being one of the fundamental causes of health inequalities. In rhesus macaques, social rank and hierarchy in females can affect stress levels, and in turn, their immune system (2). 

Sex, social group, and age are all variables that may affect monkey health and are included in the data you will be examining. 

Take a look at the data given. How can the data be used to discern monkey health? What sorts of statistical tests would you apply? Which variables would you focus on? 

Have students first calculate the WBC percentages for each animal. Then have them continue to create a descriptive analysis (means and standard deviations will be most pertinent), of the WBC percentages. 



Analyzing Population Data - T-Test
Example T-Test for Comparing 2 Groups (Females vs Males)

● Copy data sheet and rename for test variable (Sex)
● Sort data by variable (Sex)
● Calculate Summary statistics (Min, Max, Avg, StdDev, Var) for each subgroup (Females, 

Males)
● Determine if there is a statistically significant difference in the percentages of each 

White Blood Cell type between the subgroups
○ Null hypothesis (H0) for each cell type: Females and Males of this population have 

the same average percentage of this type of White Blood Cell (Neutrophil, etc.)
○ Perform a 2-tailed Student’s t-test for each WBC type, comparing percentages of 

the cell type in females versus in males.
○ Are there any significant results?

Presenter Notes
Presentation Notes
Have the students conduct a t-test to compare females with males for each WBC type, and write a short conclusion based on the findings. 



Analyzing Population Data - T-Test
Example T-Test for Comparing 3 Sampling Years (2015, 2019, 2021)

● Copy data sheet and rename for test variable (Year)
● Sort data by variable (Year)
● Calculate Summary statistics (Min, Max, Avg, StdDev, Var) for each year subgroup
● Determine if there is a statistically significant difference in the percentages of each 

White Blood Cell type between the subgroups
○ Null hypothesis (H0) for each cell type: The population have the same average 

percentage of this type of White Blood Cell (Neutrophil, etc.) for both years.
○ Perform a 2-tailed Student’s t-test for each WBC type, comparing percentages of 

the cell type in 2015 versus 2019, 2019 versus 2021, and 2015 versus 2021.
○ Are there any significant results?

Presenter Notes
Presentation Notes
For more practice, have the students calculate t-tests for each pairing of the 3 sampling years to determine if any WBC types show a statistically significant difference. 
Completed t-tests comparing sampling years are shown in the teacher data file.
Share that the island was hit by Hurricane Maria in 2017. 
What impact might this event have on the animals? 
Have students write a short conclusion based on the findings.



Analyzing Population Data - What’s Next?
Additional Analyses and Thought Questions

● What other questions can you ask and test for in this data?

● How would you look at Age effects on WBC amounts?

● What other data might be collected to answer additional questions?

● Are there enough samples in this dataset to feel confident in the analyses?

Presenter Notes
Presentation Notes
For more practice, have them calculate another t-test based on other variables to determine if any are statistically significant. 

See the examples provided in the full data spreadsheet for assistance. Discuss findings in groups or as a class. 



Monkey Health Explorer
A citizen science project run jointly between 

the NC Museum of Natural Sciences & UNC Chapel Hill

Presenter Notes
Presentation Notes
Students have the opportunity to take what they’ve learned and apply it to research by helping identify blood cells in the Monkey Health Explorer project at monkeyhealthexplorer.org.



Artificial
Intelligence (AI)

Machine
Learning (ML)

Deep
Learning (DL)

AI/Machine Learning for Image Analysis

Monkey Health 
Explorer (MHE)
is using 
machine 
learning 
to streamline 
the project.

Figure Adapted from: Shahab, Omer & El Kurdi, Bara 
& Shaukat, Aasma & Nadkarni, Girish & Soroush, Ali. 
(2024). Therapeutic Advances in Gastroenterology. 
and oercommons.org

Generative
AI

LLMs

Intelligent Machines 
Broadly defined

Pattern Recognition
Learning general 

patterns from data

Neural Networks 
Learning general patterns 
in unstructured data (i.e. 
images, text, audio, etc.)

Large Language 
Models (LLMs)

Learning to understand 
natural language (i.e. text)

Presenter Notes
Presentation Notes
The Monkey Health Explorer (MHE) project is using machine learning algorithms to streamline workflows by prescreening the blood smear quality in images.
This provides a simpler process for volunteers to identify the white blood cells and makes summarizing the classifications easier.
Machine Learning is one type of Artificial Intelligence.
This figure is a combination from two sources, which shows the relationship between different types of AI with a quick description of each.
Artificial Intelligence (AI) is broadly defined as intelligent machines.
Machine Learning (ML) is when machines perform pattern recognition tasks by first learning patterns from defined training data.
Deep Learning (DL) is when machines create neural networks based on learning general patters in unstructured data, such as images, text, and audio.
Large Language Models (LLMs) are developed through deep learning to understand natural language (i.e. text) and can be used to summarize and interpret text.
Generative AI is a type of AI that creates new content, such as text, images, and music by learning patterns from large amounts of data, then responding to a user’s prompt.



Presenter Notes
Presentation Notes
A quick video from Khan Academy and code.org that give a brief introduction to machine learning. https://youtu.be/KHbwOetbmbs
This is part of a Khan Academy course “AI for Education”.



The Goldilocks Test
The MHE project’s first machine learning model was trained to identify if blood smear images 
were well spread by providing it images that were identified as Dense, Sparse, and Good.
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Presenter Notes
Presentation Notes
The Goldilocks Test evaluates whether the cells in a particular blood smear are spread too thin, too thick, or just right. (referencing the children’s story of Goldilocks)
The MHE project’s first machine learning model was trained to identify the spread quality of each blood smear image by providing it images that were identified as Dense, Sparse, and Good.
When evaluating a blood smear slide, cell technicians focus on the best, most evenly spread section of the slide to be sure it is a good representation of the sample.
The MHE project only uses images from regions of the slide that are well spread.
The trained ML model can sort the images based on the spread quality, so only the Good images are used in the next step.




Find the White Blood Cells
The MHE project’s second machine learning model was trained to identify WBCs in the “Good” 
blood smear images by providing project images with white blood cell locations identified.
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Presenter Notes
Presentation Notes
The MHE project’s second machine learning model was trained to detect white blood cells among the other cells in the image by learning from images with WBC locations provided.
The trained model for this step produced a cropped section of the original image with the detected WBC in the center of the image.
These cropped images are used in the “Single Cell” workflows of the Monkey Health Explorer project.
Changing workflows from larger to smaller images makes the task easier for volunteers because they only need to identify the cell in the center of the image.



Classify the White Blood Cells
The MHE project’s third machine learning model was trained to classify WBCs in the 
cropped images by providing cropped images labeled by WBC classification.

WBC Classification Model

Presenter Notes
Presentation Notes
The MHE project’s machine learning model was trained to evaluate the cell in the center of the cropped images to classify the type of WBC present. 
The model had a high success rate for identifying the most common WBC type, Neutrophils, a moderate success with the 2nd most common WBC type, Lymphocytes, and a low success rate for classifying the less common WBCs.
One potential reason for this failure is that there were not enough examples of the less common WBC types in the training data for the model to learn them well enough.
More training images are needed in part because the quality of our slides has been inconsistent due to being prepared in the field with a quick stain rather than in a clinical setting.
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