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ABSTRACT 
 
As humankind prepares for long-duration missions 
to the Moon and Mars, understanding the 
physiological effects of space travel on astronauts 
becomes increasingly critical. One of the most 
significantly affected systems is the immune 
system, which plays a crucial role in maintaining 
human health.  
 
This review explores the multifaceted impacts of 
spaceflight on immunity, including disruptions 
caused by microgravity, radiation, and 
confinement. These factors collectively contribute 
to immune dysregulation, including impaired 
function of natural killer cells, macrophages, and 
T-cells, as well as increased inflammatory 
responses. Evidence also shows a higher rate of 
latent viral reactivation during missions, such as 
Epstein-Barr and varicella-zoster viruses. By 
synthesizing findings from recent experiments and 
missions, this article highlights the vulnerabilities 
of the immune system in space and underscores 
the need for targeted countermeasures to protect 
astronaut health on future deep space missions. 
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INTRODUCTION 
 
The immune system is an essential part of the 
human body that plays a vital role in maintaining 
homeostasis by protecting it against foreign 
invaders. Over millions of years, the immune 
system has evolved into a robust defense 
mechanism capable of protecting humans against 

pathogens which have also been evolving ways 
to evade and defeat the immune system in an 
arms race which has been going on for millions of 
years. Long-term space exploration missions to 
the moon and Mars are the next frontiers of 
space exploration. A large part of the success of 
these missions will require maintaining the health 
of astronauts which undergo extreme conditions 
during their voyage1. The effects of space travel 
on the immune system have been extensively 
studied. In this article we will discuss some of the 
impacts which space travel may have on the 
human immune system. 
 
 
Immunity  
 
The immune system can be split into two parts, 
the innate immune system and the adaptive 
immune system 1. Innate immunity is the first line 
of defense against pathogens and the response 
mounted is the same each time2. When the 
innate immune system is not enough to clear an 
infection, the adaptive immune system comes 
into play when lymphocytes are activated by 
antigens. Adaptive immune responses are 
specific to a pathogen and can be “remembered” 
by memory T and memory B cells. This means 
that the next time the immune system encounters 
that same pathogen, the body is prepared and 
will be able to clear the infection more rapidly by 
activating those memory cells 2. 
 
 
Challenging Conditions in Space 

 
To understand the effects of space travel on the 
immune system, it is important to first understand 

http://www.akamaiuniversity.us/PJST.htm


The Pacific Journal of Science and Technology               –188– 
https://www.akamai.university/pacific-journal-of-science-and-technology.html              Volume 26.  Number 2.  November 2025 (Fall) 

the challenges that come with it. There are many 
risks to human health associated with spaceflight 
such as radiation, isolation, microgravity and 
closed/isolated environments1, 3. 
 
 
Microbial Environment in Space 

 
Studying the microbial environment inside of 
International Space Station (ISS) allows us to 
examine how microbes might grow and proliferate 
in a lunar or Martian base. The ISS experiment 
EXTREMOPHILES has shown that the 
microbiome of the ISS is primarily composed of 
human-associated microbes, with bacteria from 
the genera Streptococcus, Corynebacterium,  
Lactobacillus,  Acinetobacter and 
Staphylococcus being the most common 4. 
Studies have also shown that some microbes that 
are grown in space have greater virulence 
compared to their earth-grown counterparts 5.  
 
 
Effect of Space Travel on the Immune System 
 
Microgravity: Microgravity has been shown to be 
particularly detrimental to the functioning of the 
immune system. Studies have shown that immune 
systems exposed to microgravity display similar 
characteristics to that of immunosenescence 
which is the deterioration of immune systems with 
age 6. During actual spaceflights, NK cells have 
been shown to have impaired cytotoxic function. 
Macrophages, cultured on spaceflights were 
found to have decreased motility, a decreased 
ability to present antigens, and lower expression 
of CD18, CD36, ICAM-1 and MHC class II, which 
are essential for coordinating immune responses. 
Moreover, some cell lines of macrophages grown 
on spaceflights were found to have reduced cell 
volumes7. 
 
Inflammation: Space travel has been shown to 
increase inflammation responses in astronauts 3. 
Cortisol, which is a hormone involved in regulating 
inflammation, tends to spike in astronauts during 
spaceflight 8. While inflammation is an integral 
part of the immune response, excessive 
inflammation can cause issues such as tissue 
death and damage to DNA 9. 

 
Isolation: The isolating environment inside of a 
confined spacecraft poses a risk to the health of 
astronauts. Not only does an isolating 
environment pose a psychological risk 10, It can 
also increase the risk of spreading infectious 

diseases. While the most obvious factor would be 
that diseases spread more easily within small, 
enclosed spaces, another factor that contributes 
to the spread of diseases is the stress from being 
in such a space causes the immune system to 
become weaker 11.  
 
 
Latent Virus Reactivations: Latent viruses are 
viruses which can switch between the ‘latent’ 
phase where it is not replicating to the lytic phase 
where it is actively replicating; by doing this, 
some viruses can effectively ‘hide’ from the 
immune system12, when a virus reactivates, it 
means that it is going from the latent phase to the 
lytic phase. Due to the weakening of the immune 
system during spaceflight, latent virus 
reactivations appear to be more common in 
astronauts. Studies have found that the saliva of 
astronauts contained viral particles of the 
Epstien-Barr virus, Herpes simplex type 1 virus, 
and the varicella-zoster virus 13. 
 
  
Implications 
 
The immune dysregulation observed during 
spaceflight has significant implications for the 
health and performance of astronauts, 
particularly during long-duration missions to the 
Moon, Mars, and beyond. Increased susceptibility 
to infection, and reactivation of latent viruses 
could compromise crew safety and thus, the 
success of missions. Furthermore, chronic 
inflammation and reduced immune surveillance 
may increase long-term risks for conditions such 
as cancer or autoimmune disorders after 
returning to Earth. I 
 
n addition to these effects, the immune effects 
could compound with other physiological and 
psychological effects such as social isolation 10. 
These findings highlight the need for 
countermeasures, such as immune monitoring, 
nutritional and pharmacological interventions. As 
humanity progresses towards permanent 
habitation beyond Earth, understanding and 
mitigating immune dysfunction in space will be 
critical for the sustainability of human life in 
extraterrestrial environments. 
 
 
CONCLUSION 
 
The effects of space travel on the human immune 
system are vast and pose a significant challenge 
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to human health. Microgravity, isolation among 
other challenging conditions in space all 
contribute to the potential for immune 
dysregulation in space travelers. These conditions 
not only pose a short-term risk to the health of 
travelers but also may have long-term health 
effects. Therefore, it is important to understand 
the conditions of space travel which affect the 
immune system.  
 
 
FUTURE DIRECTIONS 
 
In order to mitigate the effects of space on the 
immune system, more research could be done to:  
 
1. Identify genes which are important and make 

individuals more or less susceptible to 
immune dysregulation in space. 
  

2. Exploring the role of the human microbiome 
as it relates to immune function in space  
 

3. Study the effects of long-duration space travel 
on the immune system for missions for semi-
permanent or permanent habitation of other 
celestial bodies in the solar system. 
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