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Internal Project

As humans travel into outer space, microorganisms will travel with them. While the current NASA standards limit the
presence of infectious agents, they are not completely eliminated, and spaceflight missions maintain antibiotics as the
primary countermeasure after infection.

One factor that could impact the efficacy of antibiotics is the change in microbial resistance. Previous experiments have
confirmed that the spaceflight environment alters a variety of microbial characteristics (1-3). Most notably, alterations in
microbial virulence in Salmonella typhimurium (4, 5) and virulence characteristics in S. typhimurium and Pseudomonas
aeruginosa (4-6) have been demonstrated in response to spaceflight, thus influencing our perception of infectious disease
risk during missions. Several spaceflight experiments have shown alterations in antibiotic resistance. During the Cytos 2
experiment aboard Salyut 7, the minimum inhibitory concentration (MIC) of oxacillin, chloramphenicol, and
erythromycin for Staphylococcus aureus and of colistin and kanamycin for Escherichia coli were compared to those of
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ground controls (7). These results indicated an increased resistance of both S. aureus and E. coli to all antibiotics used in
this experiment (7). In 1999, Juegensmeyer, et. al. observed both increased sensitivity and resistance of S. aureus, P.
aeruginosa, Bacillus subtilis, and E. coli that had been re-grown after having been on the MIR space station for 4
months (8).

Ground-based spaceflight analog systems provide a practical approach to understanding this change. The rotating-wall
vessel (RWV) culture apparatus was developed to produce a low-shear, low-turbulence environment for suspension
culture that models aspects of spaceflight (9-11). This analog does not completely reproduce all of the effects of
microgravity, but has been shown to be predictive of trends that will be seen during spaceflight (1, 12).\

Hypothesis: Bacteria cultured in the low fluid shear RWV environment will demonstrate changes in efficacy of
antibiotics commonly used during spaceflight missions compared to higher shear controls.

Aims: The MIC of antibiotics currently manifested during spaceflight missions will be evaluated on three medically
significant model organisms (Salmonella typhimurium, Pseudomonas aeruginosa, Staphylococcus aureus)that have
either been isolated from spacetflight vehicles or have a clear route of infection.

Deliverables: Improve the Quantification of Health Risk by determining the degree to which microbial resistance is
altered in a spaceflight analog.

Gap Mapping: Risk of Adverse Health Effects Due to Alterations in Host-Microorganism Interactions. IRP GapAEH10:
What changes are occurring to the efficiency of current countermeasures against microbial associated risks during
human exploration of space that could affect crew health?

Risk of Therapeutic Failure Due to Ineffectiveness of Medication ; IRP Gap PH15: Are the antimicrobials carried
onboard effective against microbes that exhibit spaceflight-related changes?
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