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Introduction: The Astromaterials Acquisition and 

Curation Office maintains seven cleanrooms for 
curating extraterrestrial samples from a variety of 
sample return missions. These cleanrooms are 
monitored for inorganic and particulate contamination 
and are maintained at ISO 7 to ISO 4 equivalent 
standards as dictated by collection requirements. As part 
of the advanced curation effort1 and to prepare for future 
sample collections from carbonaceous asteroids and 
eventually Mars we have begun monitoring the 
microbiology of these cleanrooms. Minimizing 
microbial contamination will be important for these 
collections since bacteria, archaea and fungi are capable 
of altering the mineralogy and the organic chemistry of 
returned samples 2,3. Microbial monitoring of the MPL 
(meteorite processing lab) at JSC (Johnson Space 
Center) was initiated in October 2017. Routine monthly 
monitoring began in Feb. 2018. Monthly monitoring of 
the Apollo lab began in Jun. 2018. Monthly monitoring 
of the stardust lab began in Mar. 2019 along with 
quarterly monitoring of the Cosmic Dust, Hayabusa and 
Genesis labs. We now have a two-year time series 
describing the cultivable microbes present inside the 
MPL. This data allows us to capture seasonal trends in 
microbial abundance. 

Bioburden in NASA cleanrooms is commonly 
monitored to meet planetary protection requirements. 
Bacteria are collected using swabs and wipes and the 
total number of spore-forming bacteria are reported as a 
proxy for total microbial diversity. Planetary Protection 
requirements often specify a maximum number of CFU 
(colony forming units) per unit surface area4, 5. The 
pharmaceutical industry also maintains cleanrooms and 
monitors them for bioburden. However, the USP 
(United States Pharmacopeial Convention) does not 
recommend reporting results in terms of CFU. They 
claim that CFU values are highly variable and that these 
variations are due to sampling bias and are not 
statistically significant. Instead they suggest a statistic 
called recovery rate6. Recovery Rate is defined as: 

# of samples with >0 CFU
total # of samples collected during a sampling event

. Cleanrooms 
maintained to ISO 7 standards can have recovery rates 
< 5% when proper microbiological controls are 
implemented. Our monitoring data demonstrates that 
recovery rate is a more descriptive statistic than 
counting colony-forming units alone. 

Methods: We used dry macrofoam swabs (Puritan 
Brand 2518051PFRNDFD) and dry polyester swabs ( 
25-10001PD) to collect samples from high traffic areas 
in the MPL as well as low traffic locations that come 
into direct contact with the samples. We sampled 300 
cm2 or as much surface area as possible at each location 
when 300 cm2 was not available to sample. After 
sampling, the swabs were immediately placed in sterile 
50 ml centrifuge tubes. 15 ml of phosphate buffered 
saline was added to these tubes in a sterile biosafety 
cabinet and vortexed to transfer cells attached to the 
swab into solution. 0.1 ml of this supernatant was used 
to inoculate media in each of the following petri dishes: 
TSA (tryptic soy agar) (4X), BA (blood agar) (2X) R2A 
(Reasoners 2 agar) (2X), Potato Dextrose Agar (2X), 
Saboraud Dextrose Agar (2X) and Saboraud Dextrose 
Agar with 0.1 mg/ ml chloramphenicol. The TSA, and 
BA plates were incubated for two days at 35℃ and 37℃ 
respectively. R2A was incubated at 25℃ for seven days. 
The remaining plates were incubated at 30℃ for seven 
days. Microbial isolates were counted and transferred to 
new plates for identification. Isolates were identified 
using the VITEK2 automated system7 or by sequencing 
the 16S rRNA gene for bacteria and the small subunit 
gene for fungi on an ABI 3500 Sanger sequencer. When 
possible, fungi were also identified visually by their 
morphology.  

Results: The median recovery rate for the meteorite 
lab is 0.33. The standard deviation is 0.12. Only three 
sampling dates have recovery rates greater than one 
standard deviation above the median. These samples are 
from October of 2017, October of 2018 and August of 
2019 (Fig. 1). An increase in recovery rate is also 
observable in August of 2018, but it does not exceed one 
standard deviation above the median. Low recovery 
rates are also observable in December of 2017 and 2018. 
These trends are not visible in plots of CFU vs. sampling 
date (Fig. 2).  

 In 2018, the most common bacterial isolates were 
Staphylococcus epidermidis, Staphylococcus capitis, 
and Burkholderia kuruiensis. The most common fungal 
isolate was Penicillium sp. In 2019 the most common 
bacterial isolates were Staphylococcus epidermidis, 
Staphylococcus warneri, and, Streptococcus oralis. The 
most common fungal isolate was Aspergillus niger. 
These are all common microbes in the built 
environment. 
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Discussion: After two years of routine sampling, the 
recovery rate statistic (Fig. 1) displays seasonal trends 
that are not apparent when viewing the number of CFU 
(Fig. 2) counted for each sampling event. Recovery rate 
appears to increase in the late summer and early fall 
(August to October). The increase in recovery rate 
correlates to an increase in the relative abundance of 
fungal colonies. In each instance where the recovery 
rate is more than one standard deviation about the 
median value, the relative abundance of fungal CFU is 
≥70%. Penicillium sp. is the dominant fungal species 
during these occurrences in 2017 and 2018. In 2019, 
Aspergillus niger was the dominant species.  

In order to better understand this seasonal trend, we 
will attempt to correlate our monitoring results to local 

meteorological and air quality data for the same time 
period. The recovery rate statistic should be widely 
adopted and used as an additional parameter to monitor 
NASA cleanrooms for microbial contamination. 
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Figure 1: Recovery rate vs. sampling month for the MPL. Solid line represents the median recovery rate of 0.33. 
Dashed lines represent one standard deviation about the median of 0.12. 
 

 
Figure 2: Box plots of CFU collected for each sampling dates. Blue symbols represent bacteria. Orange symbols 
represent fungi.  
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