
Lunar dust is a unique health hazard for lunar surface operations. Due to eons of 

meteorite bombardment with a complete lack of wind/water-based erosion, the dust 

is comprised of micron sized extremely sharp particles. The bulk chemical 

composition of lunar dust varies across the lunar surface, but is about 50% SiO2, 

15% Al2O3, 10% CaO, 10% MgO, 5% TiO2 and 5-15% iron, with lesser amounts 

of sodium, potassium, chromium, zirconium. Trace amounts of virtually all 

elements ranging from the ppb level to the ppm level, can be found in lunar dust [1]. 

During the Apollo missions, dust was on the crewmembers and pervasively in the 

lunar lander vehicle. It is a difficult hazard to ‘engineer out’ human exposure. There 

are multiple Apollo program reports of lunar dust (LD) exposure leading to 

significant upper respiratory symptoms in select crewmembers. Possible 

mechanisms for upper respiratory symptoms include (1) particulate irritation, (2) 

oxidization and release of noxious gas, or (3) legitimate adaptive immune-mediated 

response. Although sterile non-protein matter would not be expected to be an 

allergen, it is noteworthy that one Apollo flight surgeon reported increasing 

symptoms upon repeated post-mission exposure over several days. Symptoms 

increased, mirroring an allergic reaction. The WBC indicated eosinophilia, a 

hallmark of an allergic reaction [2].

Many ISS crews display a pattern of persistent immune system dysregulation 

and latent virus reactivation [3,4]. Some ISS crews manifest atypical respiratory 

and/or dermatitis symptoms which could have an allergic pathogenesis [5]. It is 

logical to anticipate crew immune dysregulation would worsen during prolonged 

deep space missions. Planetary surface hazards will only complicate crew health 

risks. 

It is therefore of interest to NASA, as international agencies prepare to support 

prolonged lunar missions, to determine if lunar dust may cause a substantial and 

legitimate allergic reaction, or if allergy may be ‘ruled out’ and symptomology 

reports ascribed to simple irritation. We propose simple in-vitro experiments to 

determine if actual lunar dust may cause an immediate or induced-sensitization 

allergic response. Our laboratory has previous experience assessing lunar dust 

interactions with immune cells (Figure 1) as part of a previous rodent inhalation 

study [6,7], although the cultures proposed for this study are novel.

BACKGROUND

This study will investigate if LD exposure will elicit an IgE mediated allergic 

response either to the LD itself or concomitant antigen exposure during spaceflight. 

Allergic reactivity could adversely increase clinical and operational impacts for 

long-duration lunar astronauts and affect countermeasure requirements for surface 

vehicles. We hypothesize that in vitro co-culture of primary human blood cells with 

lunar dust particles will elicit a basophil/histamine-based allergic response. Will test 

this hypothesis with the following aims:

Aim #1 (Immediate reaction): Does in vitro LD exposure result in increased 

histamine from human peripheral blood basophils?

• Mitogen (positive control) and common recall antigens such as Der P1

(antigenic control) will be used in parallel cultures to lunar dust. Outputs include

cellular activation antigens, cytokines, histamine, leukotrienes, and IgE.

Confocal microscopy will be performed to assess the identity of responding cells

and the nature of the response (ie phagocytosis, receptor mediated activation,

etc.). Electron microscopy will be performed to, in mixed particle samples such

as lunar dust, the elemental nature of the particles that generate a cellular

response. Twenty subjects will be recruited for this aim.

Aim #2 (Allergic sensitization): Can LD impact the capacity of CD4+ helper 

and/or CD19+ B cell-mediated IgE production?

• Both PBMC and whole blood from healthy test subjects will be cultured in the

presence of LD. Culture in the presence of mitogens and common recall antigens

will serve as control stimuli. A re-stimulation will be performed after 14 days

and will last for either 6 hours (intracellular cytokines, B cell activation), 24

hours (T cell intracellular cytokines, T cell activation cytometry), or 48 hours

(secreted cytokine profiles). Twenty subjects will be recruited for this aim.

AIMS

We propose a set of in vitro cell culture experiments (short and long term) using 

human peripheral blood mononuclear cells (PBMC) and basophils from both atopic 

and non-atopic individuals. Cells will be co-cultured with cellular mitogens, 

common recall antigens (Der p1), silica quartz (as a possible allergenic component 

of LD), or LD, to study whether LD exposure for varying time intervals will alter 

the generation of selective immune responses associated with clinical allergic 

reactions. Measured outputs include supernatant-derived IgE, tryptase, histamine 

and selected cytokine levels. Cellular activation will be monitored by assessing 

activation markers via flow cytometry. Light microscopy and electron 

microscopy/x-ray analysis will be used to determine cellular interactions with dust 

particles (and the elemental nature of the particles). 

METHODSPRELIMINARY RESULTS

EXPECTED OUTCOMES

We anticipate that all subjects will demonstrate viable immune cells with 

appropriate functional responses to all positive control stimuli. We anticipate that a 

subset of subjects with a history of allergy will demonstrate responsiveness to some 

of the recall antigens. The lunar dust data will indicate, for some or all subjects, 

presence/absence of existing sensitivity to lunar dust (Aim 1), or the ability to have 

a sensitivity to lunar dust induced by long term co-culture (Aim 2). These data will 

have utility for determining vehicle requirements and the likelihood of surface 

hazard regarding lunar dust and allergy. 
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HAZARDS OF LUNAR SURFACE EXPLORATION: DETERMINING 
THE IMMUNOGENICITY/ALLERGENICITY OF LUNAR DUST 
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Preliminary in vitro cultures assessing the activation of T cells have been performed.  

Compared to the control, no stimulation, culture and the Staphylococcal Entertoxin B 

stimulated culture, LD exposure does not activate T cells.  This is also seen in the LD 

simulant, silica quartz, and in the recall antigen, common house dust mite allergen, Derp1.  

Cultures assessing the basophil and eosinophil cell population activation, and histamine, 

tryptase, IgE, and cytokine responses still need to be performed to fully determine if LD will 

elicit an IgE allergic response. These experiments are currently ongoing.

Figure 1. Light, electron, and confocal 

microscopy of lunar dust interactions with lung 

cells derived from Lam, C., et al. 2013.
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