
Space Immunology
Understanding How Microgravity Affects the Human Immune System

A comprehensive exploration of immune function changes during spaceflight, 
based on NASA research and real astronaut data.



The Hidden Dangers of Space
When astronauts venture into space, they face visible challenges like 
radiation and equipment malfunctions. But some of the most 
significant threats are invisible—occurring at the cellular level within 
their own bodies.

Living in microgravity fundamentally alters how the immune system 
functions, creating vulnerabilities that could jeopardize long-duration 
missions and astronaut health.



Course Overview

Grade Level
Grades 9-12

Subject Areas
Biology, Chemistry, Space Science

Duration
2-3 class periods (90-135 minutes)

This lesson integrates real NASA research data with fundamental immunology concepts, providing students with hands-on experience analyzing 
actual astronaut health data from space missions.



Learning Objectives
01

Understand Immune System Basics
Master the components and functions of the 
human immune system, including innate and 
adaptive immunity.

02

Explain Microgravity Effects
Describe how microgravity affects immune 
cell function, distribution, and gene 
expression.

03

Analyze NASA Data
Examine real astronaut immunity data from 
NASA's Open Science Data Repository.

04

Identify Health Risks
Recognize health risks associated with immune dysregulation during 
spaceflight.

05

Evaluate Mission Implications
Assess the significance of immune changes for long-duration space 
missions like Mars exploration.



Materials and Resources

Required Materials

Computer with internet access

NASA Open Science Data 
Repository (OSDR) access

Laboratory notebooks

Whiteboard and presentation 
materials

Student handouts with immune 
system diagrams

NASA Twins Study overview 
materials

Prior Knowledge Required

Basic cell biology concepts

Understanding of human body 
systems

General knowledge of space 
exploration

Familiarity with scientific data 
analysis



Lesson Introduction
Hook: The Invisible Threat

"What hidden dangers might astronauts face in space that we can't see?"

Begin the lesson by showing video footage of astronauts working aboard the International Space Station. While students observe the apparent 
ease of movement in microgravity, introduce the central question that will guide the entire lesson.

Key Question: How does living in space affect the body's ability to fight disease?



The Immune System: First Line of Defense
The human immune system is a complex network of cells, tissues, and organs working together to defend against pathogens. Understanding its 
normal function is essential before exploring how space affects it.

Innate Immunity
The body's immediate, non-specific defense system that responds 
rapidly to threats.

Adaptive Immunity
Specialized, targeted responses that develop over time and create 
immunological memory.



Innate Immunity Components

Physical Barriers
Skin and mucous membranes form 
the first line of defense, preventing 
pathogen entry into the body.

Chemical Barriers
Stomach acid, enzymes in saliva 
and tears, and antimicrobial 
peptides destroy invading 
microorganisms.

Cellular Defenses
Macrophages, neutrophils, and 
Natural Killer (NK) cells patrol the 
body, engulfing and destroying 
pathogens.



Adaptive Immunity: Specialized Defense

T Lymphocytes (T Cells)

Helper T cells: Coordinate immune responses by activating other 
immune cells

Cytotoxic T cells: Directly kill infected or cancerous cells

Regulatory T cells: Prevent autoimmune reactions by controlling 
immune responses

B Lymphocytes (B Cells)

B cells produce antibodies—specialized proteins that bind to specific 
antigens on pathogens, marking them for destruction. This antibody 
production provides long-lasting immunity and is the basis for 
vaccination effectiveness.



Normal Immune Response Cascade

Antigen Recognition
Immune cells identify foreign substances

Cell Activation
Immune cells multiply and prepare to fight

Pathogen Elimination
Coordinated attack destroys invaders

Memory Formation
Long-term protection established



When Gravity Disappears
How Microgravity Disrupts Immune Function

NASA research has revealed that microgravity fundamentally alters immune system 
function at multiple levels—from individual cells to entire organ systems. These 
changes begin almost immediately upon entering space and can persist 
throughout the mission.

Understanding these changes is critical for protecting astronaut health during long-
duration missions and has implications for medical research on Earth.



T Cell Dysfunction in Space
T cells, the coordinators of adaptive immunity, experience significant impairment 
during spaceflight. NASA research has documented three critical changes that 
compromise the body's ability to fight infections.

Key Findings

Reduced activation: T cells respond more slowly to threats during spaceflight

Decreased proliferation: Lower rates of T cell multiplication reduce immune 
capacity

Impaired function: Diminished ability to coordinate responses to new infections

These changes leave astronauts vulnerable to pathogens they encounter in space or 
carry with them from Earth.



Natural Killer Cell Activity Decline

40%

Decline in NK Cell Function
Cytotoxic activity decreases significantly 

during spaceflight

65%

Viral Reactivation Rate
Astronauts experience reactivation of latent 

viruses

50%

Cancer Surveillance Impact
Reduced ability to detect and destroy 

abnormal cells

Natural Killer cells patrol the body, destroying virus-infected and cancerous cells. Their decline in space has been directly linked to reactivation of 
Epstein-Barr virus, herpes viruses, and other latent infections in astronauts.



Cytokine Imbalance
Cytokines are signaling molecules that coordinate immune responses. In microgravity, their delicate balance is disrupted, creating cascading 
effects throughout the immune system.

Altered Inflammatory Responses
Dysregulated cytokine production leads 
to inappropriate inflammation levels, 
either excessive or insufficient for proper 
healing.

Wound Healing Effects
Imbalanced cytokines slow tissue repair 
and increase infection risk at wound sites
—a critical concern for potential injuries in 
space.

Infection Control Impact
Disrupted cytokine signaling impairs the 
body's ability to mount effective 
responses against bacterial and viral 
infections.



Gene Expression Changes
At the molecular level, spaceflight triggers profound changes in how immune cells 
express their genes. These epigenetic modifications alter cell function without 
changing the underlying DNA sequence.

Stress-Response Genes
Upregulation increases cellular stress 
responses

Protective Genes
Downregulation reduces immune 
defenses

Epigenetic Modifications
Chemical changes alter gene accessibility



The NASA Twins Study
A Groundbreaking Natural Experiment

When astronaut Scott Kelly spent one year aboard the ISS while his 
identical twin brother Mark remained on Earth, NASA seized a unique 
opportunity. This natural experiment provided unprecedented 
insights into how long-duration spaceflight affects the human body 
at the genetic level.

Mission Duration: March 2015 - March 2016

Published: Science, 364(6436), 2019



Twins Study: Key Immune Findings

1Cytokine Fluctuations
Significant variations in inflammatory signaling molecules 

throughout the mission, with some returning to baseline 
post-flight. 2 T Cell Receptor Diversity

Changes in the variety of T cell receptors, affecting the 
immune system's ability to recognize diverse threats.

3Gene Expression Patterns
Altered expression of thousands of genes related to immune 

function, DNA repair, and cellular stress responses.
4 Post-Flight Recovery

Most changes returned to baseline within six months of 
return to Earth, though some alterations persisted longer.

Source: Garrett-Bakelman, F. E., et al. (2019). The NASA Twins Study. Science, 364(6436).



Health Risks: Increased Infection Susceptibility
The combination of immune system changes creates a perfect storm of vulnerability. Astronauts face increased risk of infections from multiple 
sources during spaceflight.

Reduced Immune Surveillance
Weakened monitoring systems fail to detect 
pathogens early, allowing infections to 
establish before the body mounts a response.

Delayed Response
Even when threats are detected, the immune 
system responds more slowly and less 
effectively than on Earth.

Opportunistic Infections
Normally harmless microbes can cause 
disease when immune defenses are 
compromised in the closed spacecraft 
environment.



Latent Virus Reactivation
One of the most concerning findings from NASA research is the frequent reactivation of viruses that normally remain dormant in healthy 
individuals. This phenomenon has been documented across multiple space missions.

Epstein-Barr Virus
The virus that causes mononucleosis 
reactivates in over 60% of astronauts 
during spaceflight, potentially causing 
fatigue and other symptoms.

Cytomegalovirus
This common herpesvirus reactivates and 
can be shed in bodily fluids, posing 
transmission risks to crew members.

Varicella-Zoster (Shingles)
The chickenpox virus can reactivate, 
causing painful shingles outbreaks that 
would be difficult to manage in space.

Source: Mehta, S. K., et al. (2017). Reactivation of latent viruses is associated with increased plasma cytokines in astronauts. Cytokine, 61(1), 205-
209.



Additional Health Complications

Allergic Reactions

Changes in hypersensitivity responses have led to documented cases 
of space-induced allergies. Astronauts have developed new allergic 
reactions to substances they previously tolerated, complicating 
medical management aboard spacecraft.

Wound Healing Delays

Altered inflammatory responses significantly slow tissue repair. This 
raises serious concerns about the ability to perform surgical 
procedures in space or manage traumatic injuries during long-
duration missions.



Analyzing Real NASA Data
Hands-On Activity with Astronaut Immune Data

Students will access NASA's Open Science Data Repository (OSDR) to analyze actual immune marker data collected from astronauts during ISS 
missions. This activity provides authentic scientific experience with real-world data.

01

Access OSDR Database
Navigate to NASA's repository and locate 
immune system datasets

02

Review Mission Data
Examine immune cell counts and cytokine 
measurements from space missions

03

Create Comparison Graphs
Plot pre-flight, in-flight, and post-flight 
measurements

04

Identify Patterns
Analyze trends and significant changes in immune markers

05

Draw Conclusions
Interpret findings and implications for space exploration



Data Analysis: Guiding Questions
Which immune cells show the most significant 
changes?
Compare different cell types to identify which are most affected 
by microgravity exposure.

At what point during the mission are changes most 
pronounced?
Determine whether immune changes occur immediately, 
gradually, or at specific mission phases.

Do changes return to normal after return to Earth?
Assess recovery patterns and timeline for immune system 
normalization post-flight.

What might these changes mean for Mars missions?
Extrapolate findings to predict challenges for 6-month journeys 
to Mars and extended surface stays.



Multiple Stressors in Space
Immune dysregulation in space results from a complex interplay of multiple environmental and physiological stressors. Understanding these 
contributing factors is essential for developing effective countermeasures.



Microgravity's Direct Effects

Cell Signaling Disruption
Gravity-sensing mechanisms in cells are disrupted, altering how 
immune cells communicate and respond to threats. This affects 

fundamental cellular processes that evolved under constant 
gravitational force.

Altered Fluid Distribution
Without gravity, body fluids shift toward the head, changing how 
immune cells circulate through the body. This "fluid shift" affects 
cell distribution and function throughout the immune system.

Cell Shape Changes
Immune cells change shape in microgravity, affecting their ability to 

move, interact with other cells, and perform their protective 
functions. These morphological changes impact cellular mechanics 

and signaling.



Radiation and Psychological Stress

Radiation Exposure

Beyond Earth's protective 
magnetosphere, astronauts face 
constant bombardment from cosmic 
rays and solar particle events. This 
radiation causes oxidative stress, 
damaging DNA and cellular 
components.

Cosmic rays penetrate spacecraft 
shielding

Solar particle events create radiation 
spikes

Cumulative oxidative damage to 
immune cells

Psychological Stress

The mental challenges of spaceflight 
significantly impact immune function 
through stress hormone pathways.

Isolation and confinement effects

Workload demands and sleep 
disruption

Elevated cortisol suppresses 
immunity



Environmental Factors

Recycled Air
Closed-loop life support systems recycle 
the same air continuously, potentially 
concentrating airborne pathogens and 
allergens despite filtration systems.

Limited Hygiene
Water scarcity and microgravity make 
thorough hygiene challenging, increasing 
pathogen exposure and transmission risk 
among crew members.

Close Quarters
Confined spaces with limited personal 
space facilitate rapid disease transmission 
if any crew member becomes ill or 
experiences viral reactivation.



Key Takeaways

Significant Impact
Microgravity significantly affects immune system function at 
cellular, molecular, and genetic levels.

Multi-Level Changes
Changes occur across all immune system components, from 
individual cells to coordinated responses.

Critical Research
NASA research provides essential data for understanding and 
mitigating these changes.

Mission Implications
Implications for future long-duration space missions, especially 
Mars exploration, are profound and require intervention strategies.



Discussion Questions

Why is immune system research critical 
for Mars exploration? Consider the 6-
month journey, limited medical resources, 
and inability to evacuate sick crew 
members.

What interventions might help maintain 
immune function in space? Think about 
exercise, nutrition, pharmaceuticals, and 
artificial gravity.

How could this research benefit people 
on Earth? Consider applications to aging, 
immunocompromised patients, and 
understanding fundamental immune 
mechanisms.



Assessment and Differentiation

Assessment Components

Formative Assessment:

Class discussion participation

Data analysis activity completion

Responses to guiding questions

Summative Assessment:

Quiz on immune components (20 points)

NASA data analysis (30 points)

Essay on microgravity effects (50 points)

Differentiation Strategies

For Advanced Students:

Deep dive into NASA Twins Study

Additional OSDR dataset analysis

Molecular mechanism exploration

For Students Needing Support:

Pre-made immune system diagrams

Simplified data tables

Paired work for data analysis



Extensions and Career Connections

Research Projects
Investigate countermeasures for astronaut immunity

Study gut microbiome-immunity relationships in space

Explore COVID-19 research applications to space medicine

Career Pathways
Immunologist

Space medicine physician

NASA research scientist

Biomedical engineer

Homework Assignment: Write a 1-2 page report on one specific aspect of space immunology, including description of immune changes, NASA 
studies, health implications, and proposed countermeasures. Due next class period.


