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SNTRODUCTION 

Man's decision t o  t r ave l  i n  outer space has challenged the ingenuity and 
resources of the sc i en t i f i c  community. The f i e l d  of microbiology has responded 
t o  t h i s  challenge i n  three broad areas as shown i n  table  I. Many investigators 
i n  univers i t ies ,  industry, and the Government are developing techniques and 
operational procedures t o  meet the NASA regulation tha t  unmanned f l i gh t s  t o  
Mars be s t e r i l e  ( r e f .  3 ) .  
make investigations i n  exobiology or the  search f o r  ex t r a t e r r e s t r i a l  l i f e  d i f -  
f i c u l t ,  i f  not impossible. 

It i s  recognized tha t  terrestrial contamination would 

The space science board has repeatedly and publicly pointed out the impor- 
tance of the search f o r  ex t r a t e r r e s t r i a l  l i f e  and i n  1964 s ta ted,  "its impor- 
tance and the consequences fo r  biology j u s t i f y  the highest p r io r i ty  among a l l  
objectives i n  space science - indeed i n  the space program as a whole" ( re f .  3 ) .  
As the requirements for  s t e r i l i t y  and the search f o r  ex t r a t e r r e s t r i a l  l i f e  
involve, primarily, microscopic forms of l i fe ,  it is  only natural  tha t  micro- 
biologis ts  are deeply involved i n  these programs. 

In the t h i r d  area of endeavor, manned space f l i gh t ,  microbiologists are 
concerned with a wide spectrum of possible problems associated with placing man 
i n  a closed environment f o r  long periods of time. Progress is  being made i n  
many areas toward the goal of long-duration, manned space f l i gh t .  
able portion of t h i s  e f f o r t  i s  focused on the t o t a l  space cabin environment 
including research and development on l i f e  support subsystems ( r e f .  19). Micro- 
biological investigations i n  support of t h i s  en t i r e  program are  now under way 
at  the NASA and other ins t i tu t ions .  This paper summarizes the current s ta tus  of 
t h i s  research and ident i f ies  some potent ia l  problem areas; the last section out- 
l ines  the research needed t o  f i l l  the gaps i n  our knowledge. 

A consider- 

LIFE SUPPORT REQUIRFMENTS 

Before man is able t o  explore the solar  system, provisions must be made t o  
serve h i s  l i f e  needs - at the same time insuring h i s  safe return t o  earth. It 
w i l l  be necessary t o  provide food, water, "climate control," protective clothing, 
and waste removal. 
supplies, i f  used, would require enormous weights. 
on resupply, but planetary missions cannot, and f o r  such missions recycle sys- 
t e m s  are necessary. Another way of looking at the same problem i s  t o  consider 
man's basic intake and output requirements as shown i n  tab le  11. 

It is apparent t ha t  f o r  long-duration missions, stored 
Near-earth missions can re ly  

Thus, man 



consumes the equivalent of h i s  weight in '  about 15 days. 
takes i n  about a ton of oxygen, food, and water. 
sary t o  use some of man's output f o r  developing an input. Urine appears t o  be 
one of the f irst  wastes which will be reclaimed since it can readi ly  be made 
drinkable (urine i s  93 percent water). 
serving weight and space i s  t o  produce oxygen onboard. One way t o  supply a por- 
t i o n  of oxygen is  t o  recover it from w a t e r  and/or carbon dioxide. 
oxygen from water can be accomplished by e lec t ro lys i s  (ref. 18). 

I n  only 6 months, he 
merefore,  it w i l l  be neces-' 

Another area which can r e su l t  i n  con- 

Recovery of 

The Integrated Life Support System 

Currently under investigation a t  the Langley Research Center i n  Hampton, 
Virginia, is a research test  f a c i l i t y  t o  study and t e s t  c r i t i c a l  l i f e  support 
subsystems f o r  long-duration space missions. The integrated l i f e  support sys- 
t e m  o r  ILSS i s  a cyl indrical  chamber with domed ends as shown i n  figure 1. 
chamber has a diameter of 18 fee t  2 inches and a height of 18 fee t .  
i o r  volume (4150 ft3) i s  divided in to  two levels  t o  accommodate the various 
functional requirements of the crew. An air lock chamber i s  attached t o  the 
external s h e l l  of the t e s t  bed at the  lower l eve l  t o  permit access t o  the test 
bed when the chamber i s  at pressures l e s s  than atmospheric. Figure 2 is an 
exter ior  view of the ILSS t e s t  f a c i l i t y .  

The 
The in te r -  

The ILSS regenerative processes are  shown i n  figure 3 .  I n  t h i s  system, 
water is  recovered from urine, humidity condensate, and wash water using a wick 
evaporator concept. Oxygen is recovered through e lec t ro lys i s  with the hydrogen 
reacting with the oxygen t o  generate more water. The carbon from carbon dioxide 
i s  collected as a sol id .  In  t h i s  system so l id  wastes are stored. 

MICROBIOLOGICAL INVESTIGATIONS 

During the past  5 years, a number of microbiological studies have been 
conducted on the  e f fec t  of space f l i g h t  conditions on man and experimental 
animals. This section summarizes these e f fo r t s  and a l so  re fers  t o  studies 
made i n  Antarctic and on nuclear submarines f o r  a comparison with different  
types of closed environmental systems. 

Space Environment Test Chambers 

A l imited number of microbiological studies has been conducted i n  manned 
space environment t e s t  chambers and some of the character is t ics  of these 
chambers a re  summarized i n  table I11 (refs. 4, 6, 17, 25, 28, 29, 30, and 35). 
The impartant point i n  t h i s  table is the wide range of t e s t  conditions and 
objectives. Atmospheric conditions ranged from a normal gas mixture t o  
100 percent oxygen and pressures from 14.7 p s i  t o  3.5 psi ;  t he  number of test  
subjects varied from two t o  six and the longest manned t e s t  was  56 days. 
Further, the depth and sophistication of the microbiological studies varied 
from test t o  test. Nevertheless, a number of interest ing microbiological 
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results emerge from these studies as shown i n  tab le  I V .  In three of the f ive  
t e s t s  there w a s  c lear  evidence of a t ransfer  of micro-organisms between subjects 
( re fs .  4, 25, 28, 29, and 30).  In  one t e s t ,  not only did a t ransfer  take place, 
but it resulted i n  a replacement of the normal mixed f l o r a  of the  nose with a 
pure culture of the transferred bacter ia  (ref. 4).  
contrast t o  studies conducted i n  Antarctic on s m a l l  groups of-men cut off from 
physical contact with other communities f o r  long periods of time. Here it w a s  

These resu l t s  are i n  marked 

shown tha t  pers is tent  car r ie rs  of Staphylococcus aureus kept t h e i r  own s t ra ins ,  
as determined by Phage typing, despite l iv ing  i n  very close contact with each 
other (refs. 23, 43, and 44). 
conditions more nearly resemble the present problem i n  hospitals regarding the  
ease with which s t a f f  and pat ients  pick up s t ra ins  of staphylococci. 
t ions i n  skin microflora occurred and space-type d i e t s  produced changes i n  the 
number and types of feca l  bacter ia  (refs. 6, 26, 29, 35, and 36). 
chamber test involving f ive  men f o r  30 days, there w a s  a marked reduction i n  
the number of airborne micro-organisms so much tha t  the subjects were breathing 
microbiologically clean a i r  ( r e f .  4 ) .  Although data were not available fo r  
examination, Soviet invest5gators found i n  a 120-day chamber test  tha t  the  num- 
ber of microbes per un i t  volume of air rose considerably ( re f .  33). These dif-  
ferences highlight the d i f f i c u l t i e s  associated with attempting t o  compare 
resul ts  between chamber t e s t s .  

On the surface, it would appear t ha t  space cabin 

Altera- 

I n  one 

Nuclear Submarines 

The Naval Biological Laboratory has conducted a number of studies on 

The epidemiological 
respiratory infections and airborne microbiological contamination during the 
course of eight nuclear (polar i s )  submarine cruises. 
features were unique and consisted of about 110 men l iving i n  a closed environ- 
mental system fo r  periods up t o  7 weeks. As  a rule,  herd-infection, herd- 
immunity took place with infection occurring the f i r s t  week and group immunity 
by the fourth week. One patrol,  number f ive,  followed the usual herd-infection, 
herd-immunity pattern,  but at the s ix th  week they took on three new crew mem- 
bers and upper respiratory infections rose almost immediately. 
re la t ive ly  low, less than 10 bacter ia  per cubic foot  of air and counts were 
related t o  s ta t ion  ac t iv i ty .  
to ry  infections were not airborne but due t o  close contact ( r e f .  47). 

A i r  counts were 

It w a s  the  general impression tha t  upper respira- 

On one pa t ro l  an outbreak of Mycoplasma pneumoniae occurred which had a 
long l a t en t  period of 26 days. It w a s  assumed that the disease w a s  contacted 
from the c iv i l i an  population of West Scotland before the pa t ro l  commenced 
( r e f .  39). 

Space Flight Studies 

Only a limited number of microbiological studies have been reported on 

The 
space f l i gh t s  i n  the United States  and Russia. In  a recent U.S. study, Gemini 
crew members and f l i g h t  hardware were sampled before and a f t e r  f l i g h t .  
data indicated a simplification of the indigenous microflora of the crews with 
a decrease i n  the  type and increase i n  t o t a l  numbers. There w a s  evidence tha t  
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a t ransfer  of micro-organisms between crew members took place. 
the f l i gh t  hardware indicated a buildup of micro-organisms, but a simplifica- 
t ion  as t o  types w a s  observed (ref. 48). 

Samples from 

Studies conducted by Russian investigators before and after cer ta in  Vostok 
f l i gh t s  showed interest ing immunological changes and al terat ions i n  the  auto o r  
indigenous microflora. For example, with some crew members there w a s  an 
increase i n  lysozyme ac t iv i ty ,  a natural  an t ibac ter ia l  substance, i n  the  
Cosmonaut's sa l iva  during the prelaunch period. It was concluded, however, 
t ha t  the bacter ic idal  properties of the body as measured on the skin and neu- 
t roph i l  ac t iv i ty  were generally within normal limits. Increased neutrophil 
ac t iv i ty  was noted after the f l i g h t s  with cer ta in  of the Cosmonauts. 
f l o r a  of the four Cosmonauts remained more or less within normal limits during 
pref l ight  training. On postfl ight examination, two of the astronauts had an 
increase i n  the  number of throat  micro-organisms, t ha t  is ,  approximately 10 
t i m e s  higher than the  physiological norm. I n  one case, there w a s  an increase 
i n  the  number of bacter ia  recovered from the  deeper layers of the forearm skin 
( r e f .  1). 

The auto- 

Experimental Studies 

A s  shown i n  table  V, a number of experimental studies has been conducted 
on the e f fec t  of space f l i g h t  conditions on infectious agents and disease. This 
e f fo r t  has produced a new term i n  microbiology, "parabarosis," o r  a l tered baro- 
metric pressure and atmospheric composition on suscept ibi l i ty  t o  infection. In  
general, these studies have shown tha t  a l t i tude  s t r e s s  lowers resistance t o  
infect ion with Pasteurella tularensis,  and salmonella 
( re fs .  5 ,  11, 
aureus which healed at  a slower r a t e  than mice maintained at ground leve l  before 
challenge (ref. 41). 
re la ted  t o  changes i n  experimental conditions. In  other words, a l t i tude  stress 
per se did not influence resistance t o  infection, but changes from space cabin 
conditions t o  ground l eve l  and vice versa did resu l t  i n  increased suscept ibi l i ty  
t o  the virus  ( re f .  13). 

rger skin lesions with Staphylococcus 

On the other hand, resistance of mice t o  mengovirus w a s  

Giron and Schmidt ( re f .  14) found tha t  acclimatization of rabbits t o  normal 
at 18,000 fee t  f o r  7 days w a s  without demonstrable e f fec t  on production of p02 

antibody against vaccinia virus.  Huang (ref. 16) was able t o  show tha t  para- 
bar ic  conditions markedly inhibited interferon production. 
e i the r  a t  a simulated depth of 213 f ee t  i n  sea water (95 psig), o r  at a s i m u -  
l a ted  a l t i t ude  of 37,000 fee t  (3.1 psig) f o r  2 weeks showed approximately eight- 
fo ld  depression i n  the  leve l  of serum interferon compared t o  the control mice 
kept i n  a similar chamber but maintained at one atmosphere with air from a tank. 

Mice maintained 

Russian investigators have found that dogs exposed to space f l i g h t  factors  
exhibited a wavelike fluctuation of the phagocytic index. 
week after f l i gh t ,  the phagocytic index was low. Moderate immunological changes 
persisted i n  a l l  dogs f o r  months and sometimes years. It w a s  concluded tha t  
the  appearance of Escherichia c o l i  i n  the o r a l  cavity i n  the immediate post- 
f l i gh t  period ref lected a drop in  the immunological ac t iv i ty  (refs. 2 and 46). 

During the  first 
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SPACE FLIGfEE FACTORS AND MICROBIOLOGICAL F'R0BI;EMS 

Before considering some of the microbiological problems which might occur 
i n  space cabins, it is worthwhile at t h i s  time t o  b r i e f l y  review some of the 
factors  involved i n  the  c l a s s i ca l  epidemiology of infectious diseases. A com- 
parison of these factors with the space cabin enviroment might cast  some l igh t  
on the types of microbial diseases t o  expect i n  space f l i gh t .  

Exogenous Versus Endogenous Disease 

Listed i n  the  left-hand column of table V I  are the usual modes of trans- 

The truly infectious type of microbial 
mission of infectious agents: food, w a t e r ,  air, contact; including d i rec t  and 
indirect  through fomites and vectors. 
disease with an exogenous or igin results from the d i rec t  outcome of exposure 
t o  the virulent  pathogen by one of the modes l i s t e d  i n  table  V I .  
of water contaminated with the  typhoid bacil lus,  inhalation of air  containing 
tuberculosis, or the b i t e  of a mosquito harboring yellow fever are c l a s s i ca l  
examples of the exogenous type of microbial disease. On the other hand, an 
examination of the factors  peculiar t o  space f l i g h t  l i s t e d  i n  the right-hand 
column of tab le  V I  shows t h a t  at least four of the factors  usually involved i n  
exogenous microbial diseases w i l l  be missing, or at l eas t  downgraded i n  effec- 
tiveness. For example, even though the astronaut w i l l  drink water recovered 
from urine, humidity condensate, and wash water, the water w i l l  be s t e r i l e .  
Therefore, one can eliminate water as a source of concern i n  the transmission 
of microbes inside the space cabin. I n  a l l  probability, the space-type d i e t  
w i l l  be treated i n  such a manner as t o  prevent spoilage on long missions. 
food may not be sterile, but it w i l l  probably have a low bacter ia  count and 
cer ta inly be f ree  of the c l a s s i ca l  foodborne pathogens such as staphylococci, 
shigella,  and salmonella. A highly e f f i c i en t  c i rculat ing and f i l t r a t i o n  sys- 
t e m  including ca ta ly t ic  burners w i l l  tend t o  reduce the  number of airborne 
micro-organisms. In  addition, three other factors w i l l  have a tendency t o  
downgrade air  as a mode of transmission inside the space cabin. F i r s t ,  it can 
be assumed t h a t  during pref l ight  isolat ion the astronauts w i l l  exchange upper 
respiratory t r a c t  micro-organisms and, i n  general, equi l ibr ia te  i n  regard t o  a 
common immunity. Second, as outside individuals w i l l  not be introduced in to  
the space cabin, there w i l l  be l i t t l e  chance f o r  a new source of upper respira- 
to ry  pathogens. Finally, i n  the absence of gravity one may ant ic ipate  tha t  
the par t ic les  normally deposited i n  the respiratgry t r a c t  by sedimentation, 
principally those par t ic les  of 1-8 microns i n  diameter, w i l l  be exhaled again 
with no deposition (ref. 31). 

The ingestion 

Such 

Included i n  tab le  V I  (left-hand s ide)  are a l ist  of some factors  t ha t  

It should also be pointed out t h a t  the precise means by 
could a l t e r  host resistance t o  infection. The items i n  t h i s  column are  by no 
means exhaustive. 
which these abnormal s t a t e s  influence the host-parasite confl ic t  are, i n  most 
instances, understood poorly, or not at al l .  A s  w i l l  be pointed out below, 
two factors,  indigenous or normal f l o r a  and weather, a r e  worth considering i n  
some d e t a i l  because of t h e i r  possible implications i n  space cabin environments. 
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Indigenous Flora 

S t r i c t l y  speaking, the normal f l o r a  cannot be c lass i f ied  as a host resis- 
tance mechanism since the microbes are outsiders l iv ing  with but not par t  of 
the host.  
by outside parasi tes  since they only support a f i n i t e  number of micro-organisms. 
There is a l so  the poss ib i l i ty  t ha t  the normal f l o r a  a f fec ts  general host 
physiology by a continuous stimulation of the  immune system. It is  known, f o r  
instance, t ha t  a l te ra t ion  or  elimination of the host f l o r a  can produce dras t ic  
r e su l t s  as seen i n  pat ients  on long-duration an t ib io t ic  therapy ( re fs .  7 and 9 ) .  

It is fe l t ,  however, tha t  the f l o r a  does in te r fe re  with colonization 

Evidence is already available from ground-based simulator studies, experi- 
mental animals, and space f l i g h t  t ha t  a l te ra t ions  occur i n  the indigenous f lora .  
Subjects on long-term space-type d i e t s  have shown changes in  the nmbers and 
types of i n t e s t i n a l  f l o r a  ( r e f s .  35 and 36) .  
a l te ra t ions  i n  the indigenous or normal f l o r a  will be important on long-duration 
missions and t h i s  subject is  discussed again i n  the section on "Research Needs. " 

It i s  thus becoming apparent t ha t  

Weather 

It i s  known t.hat many infectious diseases display a regular pat tern of 
seasonal incidence. For example, Streptococcal pharyngitis i s  most frequent i n  
ear ly  winter, and diarrhea due t o  coliform and other organisms prevails i n  the  
summer. These seasonal patterns a re  usually explained by a var ie ty  of factors 
such as prevalence of insect vectors, temperature, and humidity, and crowding of 
the host. Seasonal f luctuations may also be due at l ea s t  i n  par t  t o  the e f f ec t s  
of the  weather on host physiology and resistance mechanisms. 
infectious diseases, seasonal patterns are completely unexplained (ref. 9). 
the space cabin w i l l  be maintained under constant temperature and humidity one 
can rule out the influence of weather or seasonal var ia t ion as a fac tor  in  the 
epidemiology or  spread of exogenous microbial diseases on long-duration missions. 
In  addition, the obvious lack of any insect vectors inside the  space cabin plus 
the  above-mentioned factors  a l l  tend t o  downgrade the role  of exogenous 
diseases on long space missions. 

However, f o r  many 
As  

Endogenous Microbial Diseases 

Therefore, i f  one accepts the concept t h a t  the truly infectious type of 
microbial disease with an exogenous or igin will be downaradedin the space cabin - - I - 
environment, it would appear t h a t  the  microbial diseases of endogenous or igin 
w i l l  become important as shown i n  table V I I .  The expression endogenous micro- 
b i a l  diseases re fers  t o  any pathological condition caused by micro-organisms 
acquired at some pr ior  time which have pers is ted i n  the body as par t  of i t s  
indigenous microbiota. Microbial diseases caused by these types of micro- 
organisms include the coliform and other Gram-negative b a c i l l i ,  staphylococci, 
and nonhemoloytic streptococci, various kinds of yeasts and fungi and probably 
many viruses s t i l l  unidentified ( r e f .  7). 

It is  known tha t  endogenous microbial infections can become activated by 
many different  kinds of changes e i the r  i n  the host or i n  the  environment. For 
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example, persons who carry the  virus of herpes simplex commonly have a high 
l eve l  of neutralization antibodies f o r  t h i s  virus i n  t h e i r  serum; however, they 
can experience t ransient  episodes of virus  multiplication under the influence 
of nonspecific s t imuli  - as varied as cer ta in  types of fever, fatigue, exposure 
t o  the sun, or section of the trigeminal nerve. "he result i s  then the produc- 
t i on  of herpes b l i s t e r s  even i n  the presence of humoral antibody t o  the virus 
( re f .  7). 

Many other similar examples could be c i ted  but the important point i s  that 
endogenous microbial diseases are, t o  a large extent, indirect ly  the  expres- 
sions of environmental forces. Although nonspecific s t resses  increase the  
vulnerabili ty of the  host t o  endogenous micro-organisms, it can be c i t ed  there 
is l i t t l e ,  i f  any, understanding of the mechanisms through which these e f fec ts  
are  exerted. 

It thus becomes clear  t h a t  i f  one accepts the hypothesis of the role  of 
endogenous microbial diseases i n  space cabin environments, it becomes equally 
important t o  understand the fac tors  which precipi ta te  such diseases. 

Level of Effects 

I n  addition t o  the major problem area of endogenous microbial diseases, 
which could develop on long-duration missions, space f l i gh t  conditions could 
a l so  be f e l t  at  different  biological levels  within the space cabin. For con- 
venience, these have been divided into micro-organisms and host e f fec ts  as 
shown i n  table VII. The f i n a l  outcome of these e f rec ts  could very well be 
expressed in  the general problem of endogenous microbial disease. 

Micro-Organism 

It i s  well hown tha t  viruses, bacteria,  and other micro-organisms can 
undergo mutations affecting most of t h e i r  character is t ics  including virulence 
and immunologic specif ic i ty .  One well-known mutagenic agent is  radiation and 
one can assume tha t  long-term exposure, a lb ie t  at low levels,  t o  cosmic radia- 
t i o n  w i l l  produce changes i n  both micro-organism and host population of a space 
cabin. What specific changes, if  any, w i l l  result from such an exposure a re  
im2ossible t o  predict  at t h i s  time. 
e f fec t  i n  which radiation depresses host response through the phagocytic system 
and at the same time se lec ts  a mutant with increased virulence. The end resu l t  
could be the select ion of an organism fromthe indigenous f l o r a  with the capa- 
b i l i t y  t o  divide i n  a host with a weakened defense mechanism. 
cause and e f f ec t  relationships will be d i f f i cu l t  t o  es tab l i sh  for  such situa- 
tions,  it is  t h i s  type of problem tha t  one could very w e l l  encounter under 
long-term space f l i g h t .  

One can visualize,  however, a combined 

Although specific 

Host 

Reference has already been made t o  the possible deleterious e f f ec t s  of 
cosmic radiation on host response t o  infectious agents. Another fac tor  peculiar 
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t o  space f l i g h t  which could a f fec t  the astronaut's a b i l i t y  t o  cope with exd- 
genous o r  endogenous infections is  the overall  stress imposed by long-term space 
missions. 
potent ia l  problem area. 
from ground-level conditions t o  high a l t i tudes  and vice versa was suff ic ient  t o  
lower the animal's resistance t o  the  mengovirus. 
needed before def ini t ive conclusions can be reached, it i s  possible tha t  space 
f l i gh t  stress could be mediated at the  ce l l a r  level.  I f  t h i s  is  the  case, then 
the role  of viruses i n  the  precipitation of endogenous infections could be 
extremely important on long-duration missions. Again, cause and ef fec t  rela- 
tionships will be d i f f i c u l t  t o  establish,  but research should be directed toward 
a more complete understanding of space f l i g h t  stress factors  on t h i s  problem. 

There is one experimental study which m i g h t  cast  some l igh t  on t h i s  
In  t h i s  experiment, the stress induced by taking mice 

Although more data w i l l  be 

In  a science as young as space, it is not surprising tha t  a lack of data 
exis t s  on the microbiological aspects of manned f l i gh t .  As  a matter of fact ,  
u n t i l  man decided t o  explore outer space and the  ocean depths, there w a s  very 
l i t t l e  motivation o r  reason t o  study the e f fec t  of these environments on man 
and the associated microbiological problems. Now, as man prepares f o r  long- 
duration missions, it becomes important t o  know tha t  man with h i s  micro- 
organisms can survive i n  these types of environments i n  order t o  insure h i s  safe 
return t o  earth.  Therefore, it becomes important not only t o  ident i fy  problem 
areas but a l so  the gaps tha t  ex is t  i n  our knowledge and the  research needed t o  
f i l l  these gaps. 
important t o  our space program but such information could very well be applied 
t o  a be t t e r  understanding of the health and welfare of man on earth.  

It should a l so  be pointed out such programs are not only 

Table V I 1 1  lists some of the research needed i n  support of long-term 
manned space f l i gh t .  
on speculations developed i n  the  previous section and represent limited thinkingj 
i n  addition, t h i s  l i s t  i s  far from exhaustive - other areas w i l l  a lso require 
examination and as data develop, s h i f t s  i n  program emphasis w i l l  take place. 
Finally, it should be pointed out t h a t  the research needs ident i f ied i n  
table  V I 1 1  are those which can be conducted i n  ground-based f a c i l i t i e s .  The 
study of other factors,  i.e., cosmic radiation, weightlessness, and a l te red  
biorhythms, on microbiological problems of man i n  closed environments w i l l  have 
t o  be conducted i n  earth-orbiting space laboratories before interplanetary 
missions are attempted. 

It should be pointed out t ha t  these programs are based 

Space Cabin Environment Studies 

To date, only a limited number of studies have been conducted in  ground- 
It is evident t ha t  more work i s  needed i n  this. based space cabin simulators. 

area before man attempts interplanetary t ravel .  F i r s t ,  these studies should 
be of long duration and duplicate i n  t i m e  the length of anticipated space m i s -  
sions. It is  anticipated 
tha t  many of the microbiological problems discussed i n  t h i s  paper w i l l  not 

Such studies may be a year o r  longer i n  duration. 
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appear, o r  at least w i l l  not be major problem areas, under the  conditions of 
short-term missions. Second, there is a need t o  conduct these studies under 
the  conditions of an integrated l i f t  support system. This m e a n s  t ha t  the sub- 
j e c t s  w i l l  drink water recovered from urine or humidity condensate, consume 
space-tme food, and breathe the space cabin atmosphere. L a s t ,  the  microbiolog- 
i c a l  studies must be inclusive enough t o  cover not only man and h i s  t o t a l  
environment, but it must include a l l  major groups of micro-organisms including 
viruses. 

Indigenous Flora Studies 

The indigenous f l o r a  or  microbiota of man has been extensively studied by 
numerous investigators and these resu l t s  have been summarized i n  books and 
reviews by Rosebury ( r e f .  38) ,  Marples (ref. 24), DLlbos ( r e f .  8), and G a l l  
(ref. 12). 
is not known. Further, it is f e l t  t ha t  a large percentage of indigenous micro- 
organisms cannot be identified,  l e t  alone enumerated, f o r  lack of adequate cul- 
tural techniques. These f ac t s  plus the observations tha t  changes occur i n  the 
indigenous f l o r a  under space cabin conditions highlight the need f o r  extensive 
studies i n  th i s  area. O f  paramount importance t o  such a program w i l l  be a 
clear  understanding of the numbers and types of micro-organisms indigenous t o  
man under "normal" o r  nonspace cabin conditions. Special a t tent ion should be 
paid t o  the in t e s t ina l  f l o r a  because of the  close relationship between host 
nutri t ion,  physiology, and in t e s t ina l  micro-organisms. During t h i s  program new 
isolat ion techniques will have t o  be developed t o  insure recovery of the host 
microbiota. 

Yet the exact ro l e  of the microbiota i n  man's health and welfare 

Immune Response Studies 

The possible influence of the space cabin environment upon the astronaut 's  
immune mechanisms should be investigated. Significant a l te ra t ions  of the 
imune mechanisms may produce prejudicial  e f fec ts  upon normal physiological 
processes and, i n  par t icular ,  may result i n  increased suscept ib i l i ty  t o  infec- 
t ion .  The following immunological studies should be conducted on astronauts 
before, during, and a f t e r  exposure t o  space cabin environments: determination 
of t o t a l  serum proteins, serum electrophoresis, serum immunoelectrophoresis, 
serum ultracentrifugation, and single r ad ia l  immunodiffusion f o r  quantitating 
of serum immunoglobulins. 

Endogenous, Exogenous Microbial Diseases and Chemotherapy 

If bac te r i a l  infections do occur under simulator test conditions, it w i l l  
be important t o  determine i f  the casual agent is one transmitted by c l a s s i ca l  
means or  i f  the disease is endogenous i n  origin.  Equally important, w i l l  the  
infection respond t o  accepted an t ibac ter ia l  therapy or  w i l l  severe reactions be . 
generated i n  a subject who has an a l te red  f l o r a  as a r e su l t  of the space cabin 
enviroment? 
the ecology of space cabin environments becomes important. 

Again, determining the ro le  of the indigenous microbial f l o ra  i n  

9 



Airborne Micro-Organisms 

As a par t  of the  t o t a l  microbiological picture  of man i n  a space cabin 
environment, it will be important t o  determine the numbers and types of micro- 
organisms i n  the circulat ing air. This i s  par t icu lar ly  important i n  regard t o  
a l te ra t ions  i n  the indigenous f lora ,  the t ransfer  of micro-organisms between 
subjects and the imune response. An important par t  of such a study w i l l  be a 
careful characterization of v i r a l  i so la tes .  

Experimental "Parabaric I' Studies 

Although a start has been made on examining parabarosis under laboratory 
conditions, much more work i s  needed i n  t h i s  area. 
simulator studies which are expensive t o  conduct and l imited i n  number, much 
meaningful data  can be obtained i n  the laboratory using s m a l l  animals and 
scaled-down test  chambers. 
should be conducted plus fur ther  examination of the e f fec t  of space f l i g h t  con- 
di t ions on resistance to exogenous infections.  

In contrast  t o  space cabin 

Similar studies as those proposed f o r  man t e s t s  

Theoretical Studies 

It is a l so  recommended tha t  the microbiological problems of closed systems 
be examined through the use of appropriate mathematical models. Although t h i s  
technique has not been widely employed i n  biology, i t s  usefulness i n  dealing 
with other complex mult i factor ia l  problems suggests it has a role  i n  bioastro- 
nautics. Through t h i s  approach, a number of factors  closely in te r re la ted  yet 
constantly changing i n  a somewhat predictable manner are identified.  If 
appropriate mathematical models can be found, o r  developed, t h e i r  f luctuations 
can be reduced t o  mathematical formulation and can thus be subjected t o  simul- 
taneous study. With computer aid, the  change produced by one variable present 
i n  the system o r  introduced at  w i l l  can be compared with the  change resul t ing 
from another variable.  The f a c t  t ha t  many large variables such as temperature, 
humidity, and d ie t  a re  under control i n  a space cabin suggests such models m a y  
be a p rac t i ca l  way t o  approach t h i s  problem. If progress could be made i n  t h i s  
area, it would encourage the use of such models i n  examining the multivariable 
s i tuat ions found i n  nature (refs. 7 and 15). 

LIFE SUP'POR'P SUBSYSTEM DEVELOPMENT 

Water Management 

One of the most c r i t i c a l  subsystems i n  any integrated l i f e  support system 
i s  water management or the  recovery of potable w a t e r  from urine, humidity con- 
densate, o r  wash water. 
recovery are being act ively pursued and the status of t h i s  e f f o r t  was recentG 
reviewed by Popma and Collins (refs. 34). 
been made on the engineering side of the program, there a re  s t i l l  many unsolved 
microbiological problems. For example, only recently were bacteriologic 
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A number of physical-chemical approaches f o r  water 

Although considerable progress has 



standards set f o r  w a t e r  recovery systems. Although s t i l l  tentat ive,  these 
standards state t h a t  the bac ter ia l  counts must not exceed 10 micro-organisms 
per milliliter i n  any par t  of the  system. 
recovered water and the  constraints of closed ecological systems fo r  long- 
duration missions, it soon becomes apparent t ha t  public health standards would 
not be acceptable. The introduction of these new standards places before the 
microbiologist 8 broad s e t  of questions which require answers. For example, 
what is  the best  method f o r  on-line s t e r i l i za t ion  of the  system? 
on-line monitoring requirements t o  insure tha t  the standards of no more than 
10 micro-organisms per m i l l i l i t e r  a re  being met? 
e f fec ts  on the person who consumes water with these standards? 
pated tha t  numerous other problems w i l l  develop as work progresses i n  t h i s  area. 

When one considers the source of the 

What are  the  

Also, what are the long-term 
It is  an t ic i -  

Waste Management 

It i s  anticipated tha t  on short-duration missions so l id  wastes w i l l  be 
stored onboard the spacecraft. For long-duration missions, viz. ,  interplanetary 
t rave l ,  it w i l l  be necessary t o  t r e a t  and dispose of the  waste i n  a microbio- 
logical ly  safe manner. 
duration missions have been developed; t o  date, none of them meet a l l  the 
requirements f o r  an aesthet ical ly  acceptable and microbiologically safe system 
which will operate under zero-g conditions. It is  obvious tha t  the microbiolo- 
g i s t  w i l l  have t o  work very closely w i t h  the engineer i n  a l l  phases of design, 
development, and tes t ing  of any waste management system. 

A number of prototype systems f o r  both short- and long- 

Personal Hygiene 

For a number of reasons, including psychological, it w i l l  be necessary t o  
provide the astronaut on long-duration missions with acceptable, and microbio- 
log ica l  safe personal hygiene measures. 
body shower f a c i l i t i e s ,  and cer ta inly day-to-day face and hands cleansing must 
be acceptable and safe.  
between the  engineer and microbiologist t o  insure tha t  a l l  design requirements 
are being m e t .  

It may be necessary t o  provide fu l l -  

Again, close working relat ions must be established 
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TABLE I 

ROLE OF MICROBIOLOGY I N  

THE SPACE PROGRAM 

SPACECRAFT STERILIZATION 

STERILE UNMANNED FLIGHTS TO M A R S  

EXOB I OLOGY 

SEARCH FOR EXTRATERRESTRIAL LIFE 

MANNED FLIGHTS 

M A N  IN CLOSED ENVIRONMENTS 



TABLE II 

PAAN'S INTAKE AND OUTPUT 

INTAKE (LB/DAY) 

OXYGEN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0 

WATER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.6 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0 FOOD - 
10.6 

OUTPUT 

CARBONDIOXIDE . . . . . . . . . . . . . . . . . . . . . . . . .  
WATER 

PER S P I RAT I ON AND RES P I RAT I ON . . . . . . . . . .  3.3 
URINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 

FECES ............................... 0.4 

. . . . . . . . . . . . . . . . . . . . . . . . . .  0.4 SOLI D S (FECAL) - 
10.6 
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TABLE IV.- SUMMARY OF MICROBIOLOGICAL STUDIES 

SPACE ENVl  RONMENT TEST CHAMBERS 

. TRANSFER OF NASAL, THROAT, AND FECAL MICRO-ORGANISMS 
BETWEEN SUBJECTS 

L b ALTERATION OF S K I N  MICROFLORA 

ALTERATION OF FECAL MICROFLORA 
1 '  

. .REPLACEMENT OF NASAL AND THROAT 

REDUCTION I N  NUMBER OF AIRBORNE 

MICROFLORA 

BACTERIA 

NUCLEAR SUBMARINES 

. HERD INFECTION, HERD IMMUNITY CYCLE 

PEAK OF UPPER RESPIRATORY INFECTION DURING FIRST 2 WEEKS 

OUTBREAK OF MYCOPLASMA PNEUMONIAE 

SPACE FLIGHTS 

U.S. 
DECREASE IN  TYPES AND INCREASE IN TOTAL NUMBERS OF CREWS' 

I ND I GENOU S FLORA 

EVIDENCE OF TRANSFER OF M I C R O - O R ~ A ~ I  SMS BETWEEN CREW 
zMEMB ER S 

BUI LD-UP OF MICRO-ORGAN1 SMS ON FLIGHT HARDWARE 

USSR 

POST-FLIGHT EXAMINATION; INCREASE IN THROAT MICRO- 
ORGAN1 SMS, AND INCREASED NEUTROPHIL ACTIVITY'NOTED IN 
CERTA I N COSMONAUTS 



TABLE V 

SUMMARY OF EXPER I MENTAL SPACE FLIGHT 

CONDITIONS ON INFECTIOUS AGENTS AND DISEASE 

U.S. 
. ALTITUDE STRESS REDUCED RESISTANCE TO INFECTION WITH 

STAPHYLOCOCCUS AUREUS PRODUCED LARGER LESIONS WHICH 
HEALED AT A SLOWER RATE THAN M I C E  AT GROUND LEVEL. 

PASTEURELLA TULARENSI S AND KLEBSIELLA PNEUMONIAE; 

. CHANGES I N  ENVIRONMENTAL CONDITIONS, THAT IS, FROM SPACE 
C A B I N  TO GROUND LEVEL AND VICE VERSA, RESULTED IN REDUCED 
RES I STANCE TO MENGOV I RUS. 

ALTITUDE STRESS HAD NO DEMONSTRABLE EFFECT ON ANTIBODY 
PRODUCTION AGAINST V A C C I N I A  VIRUS. 

9 DEPRESSION OF INTERFERON PRODUCTION I N  RABBITS UNDER 
PARABARIC CONDITIONS. 

USSR 

AFTER SPACE FLIGHTS, DOGS HAD A WAVELIKE FLUCTUATION IN  
PHAGOCYTIC INDEX; ESCHERICHI,A, COLI FOUND I N  ORAL CAVITY. 
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TABLE V I 1  

EFFECTS OF LONG DURATION SPACE FLIGHT ON HOST-PARASITE 

GENERAL EFFECT 

ENDOGENOUS RATHER THAN EXOGENOUS INFECTIONS 

LEVEL OF EFFECT 

MICRO-ORGAN1 S M  

. GENETIC EFFECTS 

POPU LATI ON SELECT1 ON 

- METABOLIC ALTERATIONS 

HOST 

PHAGOCYTIC RESPONSE 

. ANTIBODY RESPONSE 

CELLULAR (VIRAL) SUSCEPTIBILITY 

ENV I RONMENT 

AEROSOL STAB I LITY 

SURFACE CONTAMINATION 

*REPRINTED, IN  PART, FROM REF. 16. 



TABLE V i 1  I 

RESEARCH NEEDS 

LONG-TERM SIMULATED SPACE C A B I N  ENVIRONMENT STUDIES 

INDIGENOUS FLORA STUDIES 

. E~DOGENOUS MI CROB IAL D I SEASES 
9 IMMUNE RESPONSE 

AIRBORNE MICRO-ORGANISMS 
THERAPY 

EXPER I MENTAL 'PARABAR I C '  STUD I ES 

SUSCEPTIBILITY TO EXOGENOUS INFECTIONS 

IMMUNE RESPONSE 
I ND I GENOU S FLORA 

* THERAPY 

ENDOGENOUS MICROB I A L  D I SEASES 

THEORETI CAL STUD I ES 

MODEL APPROACH TO MULTIFACTORIAL SYSTEMS 

LIFE SUPPORT SUBSYSTEM DEVELOPMENT 

* SYSTEMS 
WATER RECOVERY 
WASTE MANAGEMENT 
PERSONAL HYGIENE 

STANDARDS 
ON-LINE MONITORING 

REQU I REMENTS 
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Figure 3.-  Flow diagram of the Integrated Life Support System (ILSS) 
regenerative processes. 

NASA-Langley, 1967 


