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• Mitigate microbial risk to crew 

health, safety, and performance 

during the human exploration 

of  space 

• Prevent adverse effects 

associated with microbes to 

the vehicle 

• Research – understand how the 

spaceflight environment 

impacts microbial behavior

• Test new technology to 

increase our ability to assess 

microbial risk 

What is the goal of  the NASA JSC 

Microbiology Laboratory? 
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Microbiological Areas of  Concern

• Astronaut health

• Vehicle integrity

• Life support and other systems failures
− Biofilm formation/biofouling

− Biocorrosion and biodegradation

− Trash and human waste containment

− Astronaut hygiene areas

• Spaceflight foods
− In addition to packaged food, NASA is developing   

“pick and eat” vegetable growth systems

• Planetary protection
− How do we track the microorganisms we are 

bringing versus what we are finding in our search 

for life on other planets?
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Astronaut Health

• Diagnosis is often based on symptomology

− Headache

− Rash

− Dry hacking cough

− Diarrhea

• Examples of  diseases during spaceflight 

missions 

− Upper respiratory infections

− Urinary tract infections

− Ear infections

− Herpes Zoster

− Rashes & skin disorders

− Gastroenteritis
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Astronaut Health

• Generally healthy crew
− Survey of  Space Shuttle missions (STS-1 

through STS-89) indicated infectious disease 
accounted for 1.4% of  all medical events 
(not including skin and subcutaneous tissue) 

− Infectious disease and allergic symptom rate 
on the International Space Station (ISS) has 
been estimated at 3.4 events/flight year

• Immune system evidence for long 
duration spaceflight
− Reduced function and distribution of  some 

immune cells (e.g., natural killer (NK) cells, T 
cells, monocytes, and neutrophils)

− Altered cytokine production patterns
− Reactivation of  latent viruses 

Risin 2012; Crucian et al. 2016 8



Prevention - Spacecraft Design

• Vehicle surfaces
− Use of  materials that are not conducive to 

microbial growth

− Remediation: Disinfectant wipes

• Vehicle air
− Air flow through HEPA filters

• Potable water recovery system
− Recovers humidity condensate and urine

− Final water recycling steps of  the NASA 

water system include catalytic oxidizer (267°F 

for 10 minutes); iodination; iodine removal; 

0.22 micron filtration

− Remediation: High concentration iodine 

solution

92020 Food Safety and Microbiology Conference



Prevention - Operations 

Mission Illness (Crew)

Apollo 7 Upper respiratory infection (3) 

Apollo 8 Viral gastroenteritis (3)

Apollo 9 Upper respiratory infection (3) 

Apollo 10 Upper respiratory infection (2)

Apollo 11

Apollo 12 Skin infection (2)

Apollo 13 Rubella (1)

Apollo 14

Apollo 15

Apollo 16

Apollo 17 Skin infection (1)

Skylab-2

Skylab-3 Skin infection (2)

Skylab-4 Skin infection (2)

Billica, Pool, Nicogossian, Space Physiology and Medicine, 1994

Health Stabilization Program
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Prevention - Environmental Monitoring

• Extensive microbial monitoring and preflight disinfection

• Preflight monitoring targets environmental areas that are 

probable routes of  infection, including vehicle air and surfaces, 

spaceflight food, potable water, cargo, and a biosafety review 

of  experimental payloads.

• Flight requirements
− Vehicle air - 100 CFU/m3 fungi; 1000 CFU/m3 bacteria

− Vehicle surfaces - 100 CFU/100 cm2 fungi; 10,000 CFU/100 cm2

bacteria

11

− Potable water - 50 CFU/ml heterotrophic 

plate count; no detectable coliforms in 100 

ml; no detectable fungi in 100 ml; treatment 

technique to prevent transmission of  

parasitic protozoa.
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Contamination Potential

Spacecraft are 
complex

Preflight 
contamination

Astronaut activities, 
such as eating and 

hygiene
1212



Constraints of  Spaceflight

• When considering spaceflight 

hardware (e.g., monitoring 

equipment) and cargo (e.g., 

disinfection wipes, clothing, 

food), the benefit of  the item is 

balanced against the need for:

− Safe operation

− Minimal power

− Minimal mass

− Minimal volume

− Minimal crew time

13

No phase separation
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Microbiological Monitoring on the ISS
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AirSurfaces Water

Quantified in-flight and returned to JSC for identification



Microbiological Monitoring of  Water
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U. S. Potable Water Dispenser

• Provides “hot” and “ambient” 

potable water

• Processing includes:
− Catalytic oxidizer

− Iodine disinfection

− In-line filter (0.2 micron)

• Common isolates
− Ralstonia pickettii

− Burkholderia multivorans

− Sphingomonas sanguinis

− Cupriavidas metallidurans

Pierson, et al. 2012 16



Environmental Health

• Microbial monitoring by 

NASA and others indicate ISS 

environmental flora reflect 

human-associated 

microorganisms similar to a 

home.

17

• Media-based monitoring occasionally identifies opportunistic 

bacterial pathogens, such as Staphylococcus aureus and 

Bacillus cereus. No methicillin resistant S. aureus has been 

identified. Enterobacter and Enterococcus species are 

occasionally identified throughout the ISS. 

Pierson, et al. 2012; Lang, et al. 2017; Blaustein, et al. 2019



Environmental Health

• The most prevalent fungal genera are 

Aspergillus and  Penicillium. A. flavus, A. 
niger, and A. fumigatus have been 

identified from spaceflight samples. 

Stachybotrys chartarum has been 

isolated preflight.

• Potable water reflects common 

environmental bacterial species. The 

0.22 micron filter upstream of  the 

water ports have limited increases in 

diversity.

• The ISS is only semi-closed and “new” 

bacterial and fungal isolates are 

regularly identified.
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Environmental Anomalies

• Mir Space Station
− Power failures and problems with 

temperature control eventually 

caused large amounts of  free-

floating condensate

− Samples of  condensate revealed 

high microbial diversity, including 

Escherichia coli, Serratia 
marcescens, Legionella species, 

and protozoa

19

• ISS
− Surface contamination is often associated with uncontrolled water

− Air contamination and unpleasant odors do occur; however, the sources 

are often unclear. These events have been transient and/or handled by 

the HEPA filtration system

Ott, et al. 2005 



ISS Environmental Anomalies
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Advances in Environmental Monitoring

• DNA sequencing in space 
− First performed in 2016 using Oxford 

Nanopore’s MinION using lambda 

bacteriophage, E. coli, and mouse DNA

• In-flight identification of  environmental 

samples
− Three microbial colonies from a media plate 

used for ISS surface sampling were processed 

and sequenced on ISS.

− The MinION accurately identified the three 

isolates that were selected.

• Major push to convert our current 

monitoring hardware to this technology, 

especially for deep space missions. 

21Castro-Wallace et al. 2017; Burton et al. 2020



Microbial Research in Space

• Multiple experiments over the past 50 to 60 

years have demonstrated unexpected 

microbial responses when microorganisms are 

cultured during spaceflight, including:
− Antibiotic resistance

− Growth kinetics

− Virulence

− Gene expression

• Spaceflight research has been burdened by 

sensationalized or unsubstantiated conclusions. 
− Highly visible field with limited access to rerun 

experiments for confirmation

− Misconceptions from these reports can last for years 

and actually be damaging to many of  the real 

scientific breakthroughs

22



Spaceflight Food
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View of  Thanksgiving dinner for the 
Expedition 53 crew (2017)

• Mashed Potatoes

• Potato Au Gratin

• Cornbread Dressing

• Macaroni and Cheese

• Green Tea



Food Microorganism Levels - Facility
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Food Production

Area

Samples Collected Limits

Surfaces 3 surfaces sampled 3000 CFU/ft2 (total 

aerobic count)

Packaging Materials Before use 3000 CFU/pouch,

septum, 25 cm2 or base

Air 1 sample of  320 L

monthly

113 CFU/320 L

(total aerobic count)



Food Microorganism Levels - Product
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Food Product Factor Limits

Non-

Thermostabilized

Total aerobic count 20,000 CFU/g for any single sample (or if  

any two samples from a lot exceed

10,000 CFU/g)

Enterobacteriaceae 100 CFU/g for any single sample (or if  

any two samples from a lot exceed

10 CFU/g). No detected serious or severe 

hazard human enteric pathogenic

organisms

Salmonella 0 CFU/g for any single sample

Yeasts and molds 1000 CFU/g for any single sample (or if  

any two samples from a lot exceed 100 

CFU/g or if  any two samples from a lot 

exceed 10 CFU/g Aspergillis flavus)

Commercially Sterile

Products 

(thermostabilized and

irradiated)

No sample submitted 

for microbiological 

analysis

100% inspection for package integrity



Early Disqualified Food Samples
International Space Station (ISS)
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Food Product Microorganism Isolated

Freeze dried shrimp Salmonella enterica serovar Typhimurium

Oatmeal with raisins Aspergillus flavus

Miso soup Staphylococcus aureus

Berry medley Total aerobic (TNTC) - Bacillus species

Chicken Pineapple salad Enterobacter cloacae

Freeze dried chopped pecans Aspergillus fumigatus, Penicillium species

Freeze dried corn Klebsiella pneumoniae, Enterobacter cloacae

San Francisco seasoning Total aerobic (TNTC) - Bacillus species

Onion medley seasoning Total aerobic (TNTC) - Bacillus species

Almond M&Ms Yeast species

Japanese sugar candy Yeast species

Trail mix Aspergillus niger, Aspergillus fumigatus

Chicken salad Enterobacter cloacae, Enterobacter intermedius, Pantoea agglomerans



Food Failures
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Food Product Failure Microorganism Isolated

Teas Total aerobic, yeast and 

mold, Enterobacteriaceae

Fish with Mango Salsa Total aerobic

Chicken Pineapple Salad Enterobacteriaceae

Yogurt Covered Granola 

Bar

Yeast and mold

Strawberry Spread Yeast and mold

Teriyaki Chicken Total aerobic

Wheat Flat Bread Yeast and mold

Granola with Blueberries Yeast and mold Aspergillus flavus

Dried Beef Yeast and mold



Accepted Food Failures
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Food Product Failure Microorganism Isolated

Shakeology probiotic drink Total aerobic counts Bacillus coagulans

Fontina cheese Total aerobic counts Lactobacillus paracasei

Sharp Wisconsin Cheddar 

cheese

Total aerobic counts Lactobacillus paracasei



Pre-flight Failure of  Mixed Vegetables
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Normal Contaminated

• Thermostabilized Mixed Vegetables

• A pouch of  Mixed Vegetables in 

storage was found inflated with gas.  

• The gas was vented and the pouch 

was analyzed using the FDA 

Bacteriological Analytical Manual 

(BAM) Chapter 21A Examination of  

Canned Foods.

• The bacteria identified in the bag was 

Paenibacillus polymyxa. 

• It is suspected that it was deposited 

into the bag through a micro 

abrasion.



In-flight Food Failures
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• A crew member reported that a 

Maple Muffin top had mold on it.  

• It had passed micro testing for 

yeast and mold.

• Due to a manufacturing error, the 

oxygen scavenger was not 

included.  

• This was the first report of  

moldy bread product in 25 years.



In-flight Failure of  Rodent Food

32

• Fungal growth on rodent food bar 

• Microscopic analysis revealed this 

microorganism to be Penicillium species.

• Staphlyococcus and Bacillus species were also 

recovered.

A visible fungal colony observed on a rodent food bar

prior to launch (left) and a close up of the same colony

(right).



The Future of  Spaceflight Food

• The VEGGIE spaceflight 
experiment grew lettuce on ISS

− Can the crew eat it?

− What about other crops besides 
lettuce?

• Probiotics are being evaluated as 
an immune booster

− What organisms do we monitor 
for safety?

• We are planning to prepare and 
cook more food on spaceflight

− How do we control contamination 
during processing?

33
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