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INTRODUCTION 

This r epor t  summarizes the second, and f i n a l ,  y e a r ' s  work on the  p r o j e c t  
e n t i t l e d  " S t a b i l i t y  of Viruses i n  Foods f o r  Space F l i g h t , "  A s  was s t a t e d  i n  
the  f i r s t  y e a r ' s  r epor t ,  v i r u s e s  sometimes contaminate food, b u t  they apparent ly  
cannot mul t ip ly  i n  i t ,  This study has attempted t o  determine how l i k e l y  a 
contaminating v i r u s  i s  t o  remain i n f e c t i o u s  u n t i l  the  food i s  consumed, 

The f i r s t  y e a r ' s  work employed po l iov i rus  a s  a r ep resen ta t ive  of the  
v i r u s e s  of i n t e s t i n a l  o r i g i n  and inf luenza  v i r u s  as a model r e s p i r a t o r y  agent ,  
Severa l  d i f f e r e n t  foods served as model vehic les ,  The r e s u l t s  i nd ica t ed  t h a t  
po l iov i rus  may p e r s i s t  i n  space foods f o r  s i g n i f i c a n t  periods of t i m e ,  bu t  
t h a t  in f luenza  v i r u s  is  r e l a t i v e l y  uns tab le ,  A l l  of the  experiments were 
c a r r i e d  ou t  as i f  contamination had occurred dur ing  f i n a l  packaging, o r  a t  
l e a s t  a f t e r  the  l as t  processing s t ep .  I n a c t i v a t i o n  of po l iovi rus  w a s  gener- 
a l l y  much more rapid dur ing  s to rage  a t  room temperature than i n  the r e f r i g e r a -  
t o r ,  and the r a t e  a l s o  var ied  s i g n i f i c a n t l y  among foods,  

The present  year 's  work was intended to  t e s t  a broader range of v i ruses ,  
t o  l ea rn  more about the e f f e c t s  of- temperature,  and t o  determine t h e  reasons 
f o r  the d i f f e r e n c e s  i n  po l iov i rus  s t a b i l i t y  among foods, We had hoped t o  
l ea rn  a good deal about the  e f f e c t  of f reeze-dry ing  v i ruses  in  foods, but i t  
has -on ly  been poss ib l e  t o  p e r f o m  one such experiment,  We had a l s o  hoped t h a t  
our d a t a  would provide some b a s i s  f o r  gene ra l i za t ion ,  e s p e c i a l l y  wi th  r e spec t  
to  the  e f f e c t s  o f  food composition upon v i r u s  s t a b i l i t y ,  The problem i n  t h i s  
case  is t h a t  the  experimental  resu l t s  were obtained under a l imi ted  v a r i e t y  of 
condi t ions ,  so we m u s t  avoid the temptat ion t o  over -genera l ize ,  T h i s  cau t ion  
w i l l  be r e i t e r a t e d  i n  a l a t e r  s ec t ion ,  

MATERIALS L V D  METHODS 

Viruses a r e  shed by t h e i r  hos t s  i n  products of  the  h o s t ' s  body, We had 
supposed t h a t  t h i s  "body product" might in f luence  the  s t a b i l i t y  of  the  v i rus ,  
so we t r i e d  t o  make the  contaminants a s  n a t u r a l  as poss ib le .  The po l iov i rus  
used i n i t i a l l y  was obtained as f eces  of i n f a n t s  who had r ecen t ly  received the  
t r i v a l e n t  o r a l  po l io  vaccine,  A s  a r u l e ,  the  f e c a l  specimens s e l e c t e d  were 
those which contained a t  l eas t  10 plaque-forming u n i t s  (PFU) /g,  6 

ECH@ v i r u s  type 6 (EC-6) and reovi rus  type 1 (Re-1), with which we wished 
t o  perform l a t e r  experiments,  were not  a v a i l a b l e  i n  i n f e c t i o u s  f eces ,  These 
v i ruses  had t o  be produced i n  primary monkey kidney ( P M )  c e l l  c u l t u r e s  and 
might then e i t h e r  be mixed wi th  f eces  o r  wi th  s o f t  agar  to  contaminate food, 
Experiments repor ted  below compared po l iov i rus  shed i n  feces  t o  po l iov i rus  
produ'ced i n  PMK c u l t u r e s  and suspended i n  feces  o r  1% agar.  The v i r u s e s  
proved approximately equal  i n  s t a b i l i t y  i n  the  foods used, under t h e  condi t ions  
of these tes ts ,  Therefore ,  EC-6 and Re-1 (and f r equen t ly  po l iov i rus  types 1, 
2, and 3 (Po-1, Po-2, Po-3) as wel l )  were suspended i n  agar  f o r  subsequent 
experiments,  

Inf luenza  v i r u s  type A ( s t r a i n  PR-8) was propagated i n  the  a l l a n t o i c  cavi -  
t i e s  of  embryonated chicken eggs, A s  a food contaminant, i t  was mixed wi th  
boi led bovine r e s p i r a t o r y  mucusg the pH of which had been ad jus ted  t o  near  7, 
Parainf luenza v i r u s  type 3 ( s t r a i n  S F - 4 )  was propagated i n  FWK c u l t u r e s  and 
suspended i n  s o f t  agar OF simply i n  phosphate-buffered s a l i n e  (PBS) a t  the  
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time t h a t  food was being contaminated, 

Each of these  f i v e  v i r u s e s  was assayed by the plaque technique i n  
PMK c u l t u r e s l  Three d i f f e r e n t  agar  over lays  were requi red ,  Each was based 
upon Earle 's  balanced s a l t  s o l u t i o n  with n e u t r a l  red and Noble agar ,  
added agamma c a l f  serum, HgC12, cys te ine ,  and protamine s u l f a t e ,  t h i s  
medium w a s  used t o  assay  t h e  pol iovi ruses ,  EC-6, and inf luenza  v i r u s e  Para- 
inf luenza  v i r u s  3 was i n h i b i t e d  by some of t hese  ing red ien t s  but would form 
plaques i n  the  presence of t h e  agamma c a l f  serum. Addit ives  f o r  Re-1 assay  
were pancrea t in  and skim milk. 

With 

The foods used as model veh ic l e s  were most f r equen t ly  s tock  i t e m s  from 
the  space food menus The d a t a  wi th  which w e  were provided concerning the  
compositions of t hese  foods were assumed accura t e  u n t i l  proven otherwise.  
De l ibe ra t e  modi f ica t ions  of  foods included f reeze-dry ing  of bacon squares ;  
rehydra t ion  of s p a g h e t t i  wi th  meat sauce;  and a d d i t i o n  of ac id  (anhydrous 
propionic) ,  s a l t  (dry  PBS), and p ro te in  ( lactalbumin)  t o  banana pudding. I t  
was u s u a l  t o  add 0,5 g of  contaminant per  u n i t  of food, A u n i t  might 
comprise one o r  two b i t e s  of a b i t e  s i z e  food o r  as much as 30 g of a food 
intended to  be rehydrated i n  the  package, Each u n i t  of food, w i th  i t s  con- 
taminant, was packaged s e p a r a t e l y  so t h a t  the e n t i r e  conten ts  of t h e  package 
could be taken as t h e  sample, The laminate package was evacuated and f lushed  
w i t h  n i t rogen  twice, then evacuated again and hea t -sea led ,  The time consumed 
i n  t h i s  ope ra t ion  was such t h a t  t h e  v i r u s  i n  a "zero-time" sample  had u s u a l l y  
been i n  con tac t  wi th  the  food f o r  1 t o  2 h r  before  i t  w a s  resuspended i n  
d i luen  t 

The sample was gene ra l ly  homogenized wi th  from 100 m l  of PBS f o r  b i t e  
s i z e  foods t o  200 m l  f o r  20 t o  30 g samples and t e s t e d  a t  f u r t h e r  d i l u t i o n s  
of 10-1 and loe2,  
Samples  conta in ing  low levels of po l iov i rus  o r  EC-6 could also be t e s t e d  by a 
concent ra t ion  technique which has been published elsewhere (Apple Microbiol,  
- 16:1564, 1968). No comparable methods a r e  y e t  a v a i l a b l e  f o r  agents  o u t s i d e  
the  en te rov i rus  group, 

This has been c a l l e d  the d i l u t i o n  t e s t i n g  technique, 

KES ULTS 

Viruses,  We found last year  t h a t  po l iov i rus  w a s  q u i t e  p e r s i s t e n t  i n  
a v a r i e t y  of foods and t h a t  in f luenza  v i r u s  w a s  r e l a t i v e l y  1 ilea It w i l l  
be shown here  t h a t  none of our  t e s t  agents  from o u t s i d e  the  en te rov i rus  group 
i s  s t a b l e  under our  experimental  condi t ions ,  It had appeared t h a t  in f luenza  
v i r u s  might p e r s i s t  a t  5C i n  con tac t  wi th  a p r i c o t  cubes,  gingerbread,  and 
cream-style  corn. The f i r s t  two of these  have r e l a t i v e l y  impervious coati 
so w e  looked mainly a t  the  composition of the cream-style  corn t o  s e e  w h a t  
condi t ions  in f luenza  v i r u s  would wi ths tand ,  
when compared t o  the  o t h e r  foods t e s t ed ,  was i t s  low a c i d i t y  (nominal pW= 6 - 8 ) .  
This seemed s i g n i f i c a n t ,  i n  view of the known a c i d  l a b i l i t y  of i n f luenza  v i r u s ,  

The c o r n ' s  most unusual f ea tu re ,  

Banana pudding ( sa id  t o  be a t  pH 7 , 3 )  was chosen f o r  f u r t h e r  experiments. 
I t  was de l ive red  i n  bulk cans i n  powder form. This food seemed more l i k e l y  than 
most t o  be contaminated uniformly by v i r u s  appl ied  t o  only  one po in t  i n  the  
sample, but  t h i s  w a s  n o t  t he  case. I f  25 g of t h e  powder were placed i n  a 
laminate  pouch and inocula ted  a t  one end, t he  far h a l f  of the  con ten t s  remained 
v i r u s - f r e e  even through t h e  s e a l i n g  cyc lee  This meant t h a t ,  as wi th  the  o t h e r  
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foods, the e n t i r e  con ten t s  of the package must be included the sample i f  the  
inhomogeneity of contamination was no t  t o  cause problems. I t a l s o  meant t h a t  
the  sample homogenate would con ta in  approximately 10% food s o l i d s ,  We have no 
concent ra t ion  method f o r  in f luenza  v i r u s  a s  ye t ,  so  i t  would have been conveni- 
en t  t o  be ab le  t o  t e s t  t h e  homogenate undi lu ted ,  Unfortunatelv,  the  undi lu ted  
sample homogenate k i l l e d  t h e  t i s s u e  c u l t u r e  c e l l s .  A l l  subsequent homogenates 
of banana pudding were t e s t e d  a t  f u r t h e r  d i l u t i o n s  of a t  l e a s t  

A more ex tens ive  s e t  of banana pudding samples was inocula ted  wi th  
inf luenza  v i r u s  and s t o r e d  a t  5C and room temperature,  Compared t o  the 0-time 
samples, i n a c t i v a t i o n  w a s  approximately 90% and 95% complete i n  1 and 3 days 
a t  5C, r e spec t ive ly .  No v i r u s  was de tec t ed  a t  7 days o r  t h e r e a f t e r  
(> 99.95% i n a c t i v a t i o n )  a t  5C o r  a t  room temperature,  We conclude t h a t  in f luenza  
v i r u s  i s  n o t  l i k e l y  t o  p e r s i s t  long enough i n  d r i e d  foods t o  present  a hazard 
t o  the  consumer 

Para inf luenza  v i r u s  type 3 w a s  t e s t e d  next .  Banana pudding (20g/s ple)  
Two zero-time samplaconta ined  1,1 x 13 and was inocula ted  and s to red  a t  5C. 

a f t e r  3 and 7 days '  s t o r  ge,  The experiment was repeated wi th  a higher  s t a r t i n g  
l e v e l  of v i r u s :  3.2 x 10 Again, no 
v i r u s  was d e t e c t a b l e  a f t e r  3 days a t  5C. F ina l ly ,  the  l eve l  of i nocu la t ion  was 
increased s t i l l  f u r t h e r .  The zero-time samples (10 g i n  t h i s  experiment) con- 
ta ined  1 2 x lo5  and 1.4 x lo5  PFl!. 
1 .2  x 10 PFU ( t h e  lower l i m i t  of d e t e c t i o n  by the  d i l u t i o n  technique) ,  and no 
v i r u s  could be de t ec t ed  a t  4 days,  
zero-time samples and another  reduct ion  i n  1 day a t  5C. This  sugges ts  a 
very l o w  s t a b i l i t y  i n  food fo r  para inf luenza  v i r u s  type 3, 

1 , 2  x 10 4 PFU of v i r u s  r e spec t ive ly ,  N o  v i r u s  ( i e e e ,  < 1.2 x lo3 PFU)was de tec t ed  

.t and 2,9 x lo4 PFI' i n  two zero- t ime samples, 

Two samples taken a f t e r  1 day a t  5C contained 3 
There w a s  a s i g n i f i c a n t  l o s s  of v i r u s  in  the  

The name "reovirus"  was coined as an acronym of Respi ra tory  and E n t e r i c  
- Orphan v i r u s ;  however, i t  seems t o  be shed most f r equen t ly  by the e n t e r i c  rou te  
and was used here  as an l t e r n a t e  model i n t e s t i n a l  v i r u s .  Though l a r g e r  and more 
complex than the en terovi ruses ,  the r eov i ruses  have shown q u i t e  similar respon- 
ses t o  environmental  f a c t o r s  such a s  s a l t  and are r e l a t i v e l y  s t a b l e  a t  e leva ted  
temperatures.  A h a l f - l i f e  of 3.7 days a t  4 C i n  t i s s u e  c u l t u r e  maintenance 

good ac id  s t a b i l i t y  have a l s o  been repor ted  f o r  reovi ruses .  Re-1 i n  
ocula ted  i n t o  beef b i t e s  and s to red  a t  5 C. The zero-time samples 

6 were found t o  con ta in  2.6 x lo6  and 1.7 x 10 PFU, Af t e r  1 and 2 eeks  a t  room 
temperature and a t  5 C, no v i rus  ( i e e e ,  < 1.2 x lo3  PFU/samgle) was d e t e c t e  e 

The zero- t ime samples i n  a second experiment y i  lded 3.1 x lo5 and 3 - 2  x 10' PFU. 
A f t e r  1 day a t  5 C ,  a sample  contained 2-7 x 10 PFU. Samples a f t e r  1 and 3 days 
a t  room temperature and a f t e r  3 days a t  5 C were negat ive .  These f ind ings  ind i -  
c a t e  t o  us t h a t  Re-1 i s  n o t  a s t a b l e  v i r u s  i n  beef b i t e s  nor ,  perhaps, i n  o the r  
foods e i t h e r .  Thus, o f  t h r e e  supplemental  v i r u s  models t e s t ed ,  none has proven 
nea r ly  as s t a b l e  i n  foods as pol iovi rus .  

8 

Mode of contamination, A l l  of the experiments descr ibed  below were per- 
formed wi th  po l iov i rus  or another  en te rov i rus ,  E C - 4 ,  It  was s t a t e d  above t h a t  
we had t o  determine whether v i r u s e s  from t i s s u e  c u l t u r e  and from human i n t e s t i n e s  
were s imi l a r  i n  s t a b i l i t y  before  r e s u l t s  wi th  these  two agents  could be compared. 
Pol iovi rus  was the  only  agent  a v a i l a b l e  t o  us  i n  both forms, Beef b i t e s  were 
contaminated wi th  f e c a l  v i r u s  o r  wi th  Po-1 of t i s s u e  c u l t u r e  o r i g i n  mixed wi th  
feces  o r  w i th  1% agar ,  These were sampled r epea ted ly  dur ing  14  weeks' s to rage  
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a t  5 C, The i n i t i a l  l e v e l s  of contamination apparent ly  were n o t  i d e n t i c a l ,  bu t  
the  r a t e s  of i n a c t i v a t i o n  were r a t h e r  s imilar  ( c f ,  Fig. 1).  TIie curves  shobm 
were der ived  by the  l i n e a r  least  squares  method. Thei r  s lopes  are -0,0042 day 
f o r  f e c a l  v i r u s ,  -0.0048 day f o r  t i s s u e  c u l t u r e  v i rus  i n  feces ,  and -0.0035 
day f o r  t i s s u e  c u l t u r e  virus  i n  agar.  We conclude t h a t  these  modes of con- 
taminat ion a r e  in te rchangeable  a t  t h i s  temperature i n  t h i s  food, A similar 
experiment was done wi th  bacon squares  s to red  a t  room temperature,  except t h a t  
the  set  contaminated wi th  t i s s u e  c u l t u r e  v i r u s  i n  feces  was omitted.  The t i s s u e  
c u l t u r e  v i r u s  was Po-3. The d i f f e r e n c e  i n  r a t e  of i n a c t i v a t i o n  was aga in  mini- 
m a l  ( c f ,  Fig,  2 J J  sugges t ing  t h a t  mode of contamination was no t  a s i g n i f i c a n t  
v a r i a b l e  under these  condi t ions ,  e i t h e r ,  

-1 

Temperature e f f e c t s ,  Temperature has proven a very s i g n i f i c a n t  f a c t o r  i n  
experiments wi th  pol iovi rus .  V i r u g  i n a c t i v a t i o n  has been much more rap id  a t  
room temperature than a t  5 C i n  most foods, and i n a c t i v a t i o n  a t  the  l a t t e r  temp- 
e r a t u r e  has sometimes been too slow to  measure, This  was shown i n  an experiment 
begun dur ing  the  f i r s t  p r o j e c t  year and continued i n t o  the second. Bacon squares  
were contaminated wi th  f e c a l  po l iov i rus  and a t  5 C and a t  room temperature,  
Among the  samples a t  5 C, an apparent  i nc rease  i n  t i t e r  was observed toward the  
end of t he  f i r s t  y e a r ' s  s t u d i e s ,  T h i s  ev iden t ly  was due only t o  sampling e r r o r  
( c f ,  Fig,  3). The least  squares  s lope  f o r  samples during 8 months a t  5 C was 
-+ 0.0014 day -II which does n o t  d i f f e r  s i g n i f i c a n t l y  from zero.  
room temperature w a s  s i g n i f i c a n t ,  rapid,  and perhaps no t  l i n e a r ,  A t  least  the 
f i r s t  two samples a t  room temperature which f a i l e d  t o  y i e l d  v i r u s  probably 
r e su l t ed  from inexperience on the  p a r t  of the ope ra to r .  This s tudy  was begun 
f a i r l y  e a r l y  i n  the  f i r s t  y e a r ' s  work, and such f ind ings  became unusual l a t e r ,  

I n a c t i v a t i o n  at 

Somewhat s imilar  r e s u l t s  were obtained wi th  EC-6 i n  agar  as the  contamin- 
an t ,  though the  t o t a l  period of s to rage  was no t  as long. No v i r u s  was de tec t ed  
by the  d i l u t i o n  method a f t e r  4 weeks o r  by the  concent ra t ion  method a f t e r  6 
weeks a t  room temperature (cf.  Fig.  4 ) .  This r e p r e s e n t s  an i n a c t i v a t i o n  ra te  
of - -0,17 day-l ,  whi le  t h e  s lope  of the curve f o r  5C s to rage  w a s  4-0.0014 day 
EC-6 w a s  somewhat more p e r s i s t e n t  a t  room temperature i n  beef b i t e s  (cf .  Fig. 5). 
The s lope  of the l i n e a r  least squares  curve f o r  the  room temperature samples w a s  
-0.061 day -1, whi le  t h a t  f o r  t he  5C samples was + 0,0016 day -le 
tend t o  be somewhat more v a r i a b l e  than those f o r  po l iov i rus  where assay  is  
c a r r i e d  out  i n  more than  one l o t  of PMK c u l t u r e s ;  however, the  d a t a  show t h a t  
EC-6 i s  as s t a b l e  an agent  as pol iovi rus .  Whether t he  room temperature curves  
i n  Figs ,  4 and 5 d i f f e r  s i g n i f i c a n t l y  i s  ques t ionable ;  the  two experiments were 
not  designed t o  permit t h i s  kind of comparison. 

E C - 4  d a t a  

Enterovi rus  i n a c t i v a t i o n  a t  room temperature w a s  too rap id ,  and a t  5C 
of t en  too slow, t o  p e r m i t  some of the comparisons which we wished t o  make i n  
s tudying e f f e c t s  of food components, We the re fo re  sought an in te rmedia te  
temperature a t  which the  i n a c t i v a t i o n  ra te  might a l s o  be in te rmedia te ,  Cheese 
sandwiches and Po-1 i n  aga r  comprised the  model system, A s  i s  s h m  i n  Fig. 6 ,  
i n a c t i v a t i o n  a t  1 2  C was in te rmedia te  t o  those a t  5 C and a t  room temperature,  
This  conclusion can be drawn from the po in t s  themselves,  as w e l l  as the  least  
squares  curvesg which have been p lo t t ed  wi th  misgivings,  One can see  t h a t  the 
e n t i r e  i n a c t i v a t i o n  curve a t  5C o r  a t  12 C is  n o t  s t r a i g h t ,  though a s t r a i g h t  
segment appears  t o  b g in  a t  1 week a t  each t ge ra tu re .  I f  each of t hese  
l i n e a r  segments i s  e t r a p l a t e d  back t o  the ax i s ,  i t  appears  t h a t  on ly  2% of  
the  i n i t i a l  v i r u s  takes  p a r t  i n  t he  process then  being observed, More w i l l  be 
sa id  about t h i s  later. 
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F i g .  2 .  Inactivation o f  p o l i o m  I I i t i s  i r i r u s e s  i n  bacon squares 
a t  room tempe t u r e  I =------I===---= f e c a l  p o l i o v i r u s ;  
- m - s - m n n s  Po-3  irorn t i s s u e  u l t u r e ,  i n  lye agar ;  

.’ 1 nd I c a t ed va l u  e ) 





Fig. 4 .  I n a c t i v a t i o n  of EC-6 i n  d ~ y  banana pudding as a func t ion  
of s to rage  t e r a t u r e  ( - a ~ e s m  room temperature 

5 c ,  RssePelselcsesleQ 



Fig. 5, I n a c t i v a t i o n  of EC-h  i n  heof b i t e s  as a function of s torage  
roan temperature I - - - - 

< i n d i c a t e d  v a l u e )  



Fig.  6 .  I n a c t i v a t i o n  of Po-1 i n  cheese sandwiches as a func t ion  
of s to rage  tempe 
ture, ~ ~ S R s p P E I d l p B  

i nd ica t ed  value)  
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We were a l s o  i n t e r e s t e d  i t h e  e f f e c t s  of f l u c t u a t i n g  temperatures,  f o r  
i t  seems t h a t  foods f o r  space f l  g h t  a r e  r e f r i g e r a t e d  i n  s to rage ,  bu t  n o t  
always when i n  t r a n s i t ,  Po l iov i rus  i n  bacon squares  served as the  model system. 
On t h e  b a s i s  of the  d a t a  i n  Fig.  3, we expected e s s e n t i a l l y  no i n a c t i v a t i o n  
dur ing  per iods of s t o r a g e  a t  5 C. The r e s u l t s  of  t h e  f i r s t  such experiment 
were approximately as expected ( c f .  Fig. 7 ) .  I n a c t i  t i o n  i n  sample se t  1, 
held cont inuously a t  room temperature,  gave a l e a s t  squares  s lope  of -0.21 day-l ,  
and per iods spent  a t  room temperature by sample sets 2 and 3 r e s u l t e d  i n  
i n a c t i v a t i o n  a t  roughly comparable rates.  I n f e c t i v i t y  l e v e l s  were approxim- 
a t e l y  s t a b l e  dur ing  s t o r a g e  a t  5 C ,  except f o r  the fou r th  week of  set 2, Each 
of t he  4 week samples w a s  t e s t e d  by the concen t r a t ion  technique, which is  no t  
as q u a n t i t a t i v e  as the  d i l u t i o n  technique. The experiment was repeated,  wi th  
the  r e s u l t s  shown i n  Fig,  8. The f ind ings  dur ing  the  f i r s t  2 weeks were q u i t e  
i n  agreement wi th  the  hypothes is ;  p rec i s ion  aga in  su f fe red  t h e r e a f t e r  because 
the  concent ra t ion  technique had t o  Le used t o  test t h e  s 
temperatures a l t e r n a t i n g  between 5C and room temperature,  t he  amount of i nac t iva -  
t i o n  probably r ep resen t s  t h e  t o t a l  t i m e  spent  a t  room temperature, bu t  i t  may be 
g r e a t e r  

p l e s ,  A t  s t o r a g e  

Food composition, Po l iov i rus  had proven to  va ry  g r e a t l y  i n  s t a b i l i t y  i n  
the  foods t e s t e d  dur ing  t h e  f i r s t  y e a r ' s  s tud ie s .  We hoped t o  d e t e  

e n t s  of foods had a s i g n i f i c a n t  i n f luence  upon the  ra te  of i n  
contaminating en terovi rus .  S t a b i l i t y  had been g r e a t e s t  i n  bacon sq  
e s p e c i a l l y  a t  5 C, so w e  examined the  t a b l e s  of composition t o  d e t e  
o f  i t s  components might be s i g n i f i c a n t .  It was s a i d  t o  be re la t ive 
p ro te in  (54.9% by weight) and slh (10%) and in te rmedia te  i n  a c i d i t y  (pH 5.2) e 

Its only unique f e a t u r e  was i t s  moisture  content ,  which a t  13.4% w a s  the  h ighes t  
on the  space food menu. 

We appl ied  f o r  some bacon squares  wi th  a lower l e v e l  of  moisture.  These 
were prepared by D r .  Robert Pavey of Swif t  and Co, por t ion  of a batch of 
bacon squares  was f r eeze -d r i ed  (- 4,5% moisture)  and these  and some s tandard  
bacon squares  of t he  same ba tch  (- 12,9% moisture)  were de l ive red  t o  us ,  Both 
were inocula ted  wi th  f e c a l  po l iovi rus .  Virus i n  samples s t o r e d  a t  5 C showed 

s lopes  were -0.0022 day-' f o r  t he  s t anda r  029 day-? f o r  the f reeze-dr ied  
bacon squares ,  The c l o s e  agreement i n  t es of t h e  samples a f t e r  302 days '  
s to rage  shows t h a t  the  rate of i n a c t i v a t i o n  d id  no t  d i f f e r  much between these  
two l e v e l s  of moisture.  The r e s i d u a l  v i r u s  i n  e ch  of these  samples was approxi- 
mately 7% of t h a t  which w a s  p resent  i n i t i a l l y .  

i n a c t i v a t i o n  dur ing  the  pe r io  f the  s tudy  (c f .  F 
i t h  the  r e s u l  s presented i n  F Comput d l i n e  

I n a c t i v a t i o n  w a s  more rap id  a t  room temperature,  There w a s  a sugges t ion  
t h a t  v i r u s  was more l a b i l e  i n  the  f reeze-dr ied  bacon squares  ( c f .  F igs  lo ) ,  
though the  i n t e r v a l  u n t i l  no v i r u s  could be de t ec t ed  by t 

or  both sets, The room temperature go 
a t e d  wi th  t h r e e  v a r i a t i o n s :  t h e  cont  -3 in agar ,  t 

sampling i n t e r v a l s  were cha ged, and a t  least  two 
se t  each time (one of t he  3-week samples was l o s t  i n  t i t r a t i o n ) .  
ind ica ted  t h a t  moisture  d i f f e r e n c e s ,  over  t h i s  range, had l i t t l e  inf luence  upon 
po l iov i rus  s t a b i l i t y  i n  bacon squares  a t  room temperature  (cf, Figo 11). 

The range of va lues  f o r  food components i n  t h  se s t u d i e s  has  genereally 
been r e s t r i c t e d  t o  those  f ~ ~ ~ d  a t  the  t e space food menue However, w e  



F i g .  7 ,  I n a c t i v a t i o n  of f e c a l  polltovirus in  bacon squares  as a 
func t ion  of s to rage  temperature ( sample s e t  1, 

3 ;  s to rage  a t  room tempera 



Pig, 8, Second experiment: inactivation of fecal poliovirus in 
bacon sqew~res as a function of st age temperature 

sample set 1, 3; storage at 
5 0  
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Fig. 10, Inactivation of fecal pofiovirus during storage at room 
temperature as a function of moisture level in bacon 

2,9% moisture; Ereeze- 
< indicated val 



Fig, 11. Inactivation of Po-3 during storage at room temperature 
as 8 function of moisture level  in bacon squares 
( - -  - standard, - 12.9% moisture; ~ a a - ~ ~ u - ~ ~ ~ a -  

freeze-dried, - 4.5% moisture; < indicated value) 
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knew t h a t  t h i s  work would someday have t o  be expanded t o  include foods of normal 
moisture  con ten t  and t h a t  a t  t h a t  po in t  microbio logica l  s t a b i l i t y ,  p a r t i c u l a r l y  
a t  room temperature,  would be l o s t ,  We decided t o  do one prel iminary experiment, 
using a rehydrated space food, We chose s p a g h e t t i  w i t h  meat sauce because the re  
w a s  enough of it on hand. Rehydrated according t o  d i r e c t i o n s ,  the  c a l c u l a t e d  
moisture  conten t  was 81%- The contaminant w a s  f e c a l  po l iov i rus ;  t h i s  meant t h a t  
both the  mic ro f lo ra  of the  food and of t h e  f eces  were present ,  Half of t h e  
samples rece ived  2% t e t r a c y c l i n e ,  The presence of  the  t e t r a c y c l i n e  had a g r e a t  
in f luence  upon the  decomposition of the food, but  l i t t l e  upon the  i a c t i v a t i o n  of 
the v i r u s  ( c f .  Fig.  12). The packages wi thout  t e t r a c y c l i n e  were g 
smell ing w i t h i n  a week, and l i q u e f a c t i o n  of the food so d s  w a s  f a r  advanced by 
the  t h i r d  week. Only mild gas production and a s l i g h t  o r  of p u t r e f a c t i o n  were 
observed wi th in  3 weeks i n  the  presenc o f  t he  a n t i b i o t i c .  The rates of v i r u s  
i n a c t i v a t i o n  were -0.12 and -0.10 day-? wi th  and wi thout  t e t r a c y c l i n e ,  r e spec t ive ly ,  
o r  somewhat slower than m o s t  of those observed wi th  low moisture  foods a t  these  
temperatures.  This s t i l l  d i d  no t  expla in  the  r e l a t i v e l y  high s t a b i l i t y  of  pol io-  
v i r u s  i n  bacon squares ,  which had been unaf fec ted  by reducing moisture.  

We decided t o  select a bland food and add components t o  it t o  determine 
Banana pudding, wi th  t abu la t ed  va lues  

% a o i s t u r e ,  pH 7.3, 2% prote in ,  and 3,5% ash, was chosen. The pH of  the  
which inf luenced en te rov i rus  s t a b i l i t y .  

ba tch  we rece ived  w a s  appro t e l y  7.6 when water w a s  added We expected t h a t  
any o the r  d e s i r e d  pH could be reached by adding ac id. hydrous propionic  
a c i d  was s e l e c t e d :  i t  is a i d  over t h e  e n t i r e  range of t pe ra tu res  being 
s tud ied  so it can be measured and mixed wi thout  adding water; i t  is n e i t h e r  
hygroscopic nor  extremely v o l a t i l e ;  and i t  i s  s t r o n g  enough t h a t  a small volume 
w i l l  produce t h e  des i r ed  pH, but  no t  so s t rong  t h a t  t h e  food is charred o r  
decomposed a t  t h e  f i r s t  po in t  of contac t .  This  does n o t  mean t h a t  propionic  ac id  
is t y p i c a l  of a l l  the  substances which make foods ac id ,  bu t  it w 
start.  In  10 g of banana pudding, 0.42 m l  of propionic  ac id  wo 
pH (on rehydra t ion)  t o  5-5, whi le  1.0 m l  y ie lded  pH 4,0, Sl igh  
sometimes needed t o  achieve  the  same pH when o t h e r  a d d i t i v e s  w e  
never more than  an e x t r a  10% (e.g,, 1.1 m l  t o t a l  f o r  pH 4.0) ,  
comparison, i n a c t i v a t i o n  a t  5 C of Po-3 i n  agar  i n  banana pudding w a s  increased 
s l i g h t l y  a t  pH 5.5 and a good d e a l  more a t  pH 4.0 ( c f .  Fig. 13). he slopes of 
the  least squares  curves  shown were -0.047, -0,079, and -0.16 day-', i n  decreas-  
ing o rde r  of pH. 

P ro te in  was t h e  next  food component examined. The nominal 2% pro te in  con- 
c e n t r a t i o n  i n  the  banana pudding w a s  ignored, and lactalbumin was added t o  levels 
of 0, 15, 30, and 60%. One se t  of samples was a t  pH 7.6, and another  was ad jus t ed  
t o  pH 5.5 wi th  propionic  ac id .  We contaminated the  samples wi th  Po-2 i n  agar 
and s to red  them a t  12  C ( i n  o rde r  t o  speed i n a c t i v a t i o n  s ha t )  e The inac t iva -  
t i o n  rates a t  pH 7.6 were somewhat slower (c f .  Fig.  14) t t h a t  in t he  pre- 
vious experiment, d e s p i t e  t h e  inc rease  i n  s t o r a g e  temperature. The least squares  
curves  f o r  t he  0 and 60% p r o t e i n  samples were so n e a r l y  i d e n t i c a l  t h a t  they could 
n o t  be p l o t t e d  sepa ra t e ly .  Slopes ranged from -0,0091 ( f o r  30% pro 
0,017 day'' ( f o r  60% pro te in )  and d id  n o t  appear t o  d i f f e r  s i g n i f i c  
t rend  was evident  when tes ts  of the 4 week samples 
those remaining were s t o r e d  a t  r o o m  temperature beginning a t  5 
t e s t e d  a t  7 weeks. Based upon least  squares  e s t ima tes  of the  titers a t  5 weeks, 
i n a c t i v a t i  n ra tes  a t  room temperature ranged from -0.05 ( f o r  60% pro te in )  t o  
-0.15 day (for 0% pro te in ) .  I n a c t i v a t i o n  a t  pH 5 * 5  wa r e  r ap id3  varying 

ere completed, 
eeks, and a l l  were 

-!I 



Fig, 12, Inactivation of f eca l  poliovirus at room temperature 
i n  rehydrated spaghetti with meat sauce ( - a e e m - Y i L a a P n  

2% tetracycline added) 0% a a s r s a m e e i e o s m e  



Fig, 13, Inactivation of Po-3 at 5 C in dry banana pudding as a 
function of acidity pH 7.6, -sspaa-aeea 

pH 5.5, B B B B I B B ~ ~ ~ B ~ E . ~ ~ ~  





-1 about  a va lue  of -0.2 day 
enough t o  warrant  e s t ima t ing  curves f o r  t he  samples a t  pH 5.5. 
p ro te in  l e v e l  was n o t  a ve ry  important f a c t o r  i n  food-borne v i r u s  s t a b i l i t y  a t  
pH 7.6 and temperatures  of 12 C o r  below, under t h e  cond i t ions  of t h i s  exper i -  
ment. Virus i n a c t i v a t i o n  was probably more rap id  i n  the  bsence o f  added pro- 
t e i n  a t  pH 5 * 5 ,  o r  a t  room temperature a t  pH 7,6, 

The d a t a  were no t  c o n s i s t e n t  enough or numerous 
We surmise t h a t  

The e f f e c t  o f  s a l t  a l s o  appeared t o  be pH dependent, One cannot account 
f o r  a l l  of the  salts  present  i n  a food on the b a s i s  of the a n a l y t i c a l  va lues  
presented i n  the  t ab le s .  The ash conten t  of  banana pudding is  s a i d  t o  be 3.5%, 
of  which about 70% can be i d e n t i f i e d  i n  the  t ab le s ,  whereas bacon squares ,  
which are e x c e l l e n t  v i r u s  s t a b i l i z e r s ,  have 10% ash. We added 6,5% d r y  phosphate- 
buf fered  s a l i n e  (PBS) mix t o  a po r t ion  of banana pudding and dispensed t h i s  and 
some of t h e  o r i g i n a l  product i n t o  iydividual.  samples, 
ina ted  wi th  Po-2 i n  agar  and s to red  a t  5 C ,  As is  shown i n  Fig,  15 (upper po in t s ) ,  
t h e r e  was e s s e n t i a l l y  no d i f f e r e n c e  i n  i n a c t i v a t i o n  rate wi th  and wi thout  added 
sa l t .  Only the  former is shown as a curve;  i t s  s lope  was c a l c u l a t e d  t o  be 
-0,0061 day'l. 
t h a t  the  pH of t he  food was adjus ted  to  5.5. The bower curve i s  f o r  pH 5.5 with-  
o u t  added s a l t ;  i t s  s lope  is  -0.0058 day-l ,  o r  ess t i a l l y  the  same as t h a t  shown 
above. I n a c t i v a t i o n  wi th  h igh  sa l t  a t  low pH obviously w a s  much more r ap id  
(though non- l inear )  than under any of t he  o the r  t es t  condi t ions .  One never knows 
whether t o  be su rp r i sed  when an i n a c t i v a t i o n  curve is  l i n e a r  o r  t o  apologize when 
i t  is' no t .  
are f a r  the  e a s i e r  t o  compare t o  each o the r .  

The samples were cont  

Another s e t  of samples was prepared i n  the  same manner, except  

Clear ly ,  both cond i t ions  o b t a i n  i n  na ture ,  though the l i n e a r  curves  

We a l s o  examined t h e  i n t e r a c t i o n  of s a l t  and p r o t e i n  conten t .  These 
components had had l i t t l e  in f luence  upon v i r u s  s t a b i l i t y  a t  reduced temperatures 
when the  pH was 7.6, S ince  t h i s  experiment was t o  be run a t  12 C,  t 
s e l e c t e d  was 5.5, The food was banana pudding, wi th  and wi thout  50% 
and 6.5% dry  PBS mix; and the  contaminant was Po-1 i n  agar .  Not unexpectedly, 
i n a c t i v a t i o n  was f a i r l y  r a p i d  i n  the  h igh  protein-low sa l t  and low pro te in-h igh  
s a l t  combinations ( c f .  Fig,  16). The t h i r d  sample from each of t hese  two s e t s  had 
t o  be t e s t e d  by the  concen t r a t ion  method and somewhat earlier than  w e  had o r i g i n -  
a l l y  planned. The s lopes  of  these  i n a c t i v a t i o n  curves were so nea r1  
(-0,25 and -0-24 day-1, r e spec t ive ly )  t h a t  space requi red  t h a t  they  
by a s i n g l e  l i n e  i n  the  f igu re .  The h igh  pro te in-h igh  s a l t  c b ina t ion  is  near  
i n  gross  composition t o  the  f reeze-dr ied  bacon squares ;  bu t  i n a c t i v a t i o n  i s  per- 
haps more r ap id  i n  the  former (-0.025 day-') than would be predic ted  from t h e  
l a t t e r  (-0.0029 day e en  i n  view of t he  increase  i n  s to rage  temperature from 
5 C t o  12 C.  The c o n t r o l  samples (low protein-low salt ,  represented  by open tri- 

l e s  i n  Pig,  16) have coun te rpa r t s  i n  the  experiments represented  i n  each of 
t he  preceding th ree  f igures ,  a l lowing only f o r  d ences i n  s t o r a g e  temperature,  
A t  5 C, the observed i n a c t i v  t i o n  rates have bee 079 (Fig. 13, middle curve) 
and -0.0058 daye1 (Fig. 15, 
of Fig.  14 suggested an i n a c t i v a t i o n  r a t e  a t  12 C of roughly -0.2 day"l ,  whic 
c e r t a i n l y  does n o t  agree  wi th  t h a t  seen here  (-0.033 dayP1)* 

ower curve) .  The open t r i a n g l e s  i n  t h e  lower p a r t  

Five f a c t o r s  have been included i n  the  s t u d i e s  repor ted  here  under "food 
composition. " These ere moisture ,  temperature,  pH, p ro te in  content ,  and s a l t  
conten t ,  
pudding, though no t  a l l  of the  possib Id be t e s t e d ,  The exper i -  
ental d a t a  ind ica t ed  t h a t  Po-1 (and t e rov i ruses )  i s  s t a b l e  a t  

reduced temperatures i n  l o w  i n  ac id ,  b u t  p r o t e i n  may 

The las t  f o u r  of these  have been s tud ied  by adding " fac tors"  t o  banana 

be necessary for s t a b i l i t y  .5 ,  which is  about t h e  



Fig.. 1 5 .  I n a c t i v a t i o n  o f  Pa-2 a t  5 C i n  d banana pudding a s  a 
func t ion  of added s a l t  (pH 7.6,  0% 
6.5% added d r y  PBS; pH 02 and 
6.5% added d r y  PBS; < ind ica ted  value) 



F i g e  l b .  I n a c t i v a t i o n  of P a - 1  a t  1 2  C i n  d r y  banana pudding ad jus ted  
t o  pH 5.5.  a s  a €unct ion o f  added s a l t  and pro te in  (added 
d r y  PRS and I "4 and OX; 

and . g F g P i Q 1 8 1 ( r n r r r e e r n  

6.5% and 0%; ~~-~~ 
b.5;' and 50;,, r e s p e c t i v e l y )  
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mid-range va lue  f o r  a c i d i t y  i n  space foods, high sa l t  o r  (perhaps) high p ro te in  
appears t o  speed v i r u s  i n a c t i v a t i o n ,  b u t  the  two toge the r  s t a b i l i z e  the v i rus .  

Freeze-drying virus-contaminated food. Most of  the experiments descr ibed  
were c a r r i e d  ou t  in  low moisture  foods,  and m o s t  o f  t he  low moisture  foods had 
been f reeze-dr ied .  Once w e  determined t h a t  po l iov i rus  (and probably o t h e r  en tero-  
v i ruses )  oould p e r s i s t  f o r  long per iods i n  some f reeze-dr ied  foods, we wanted t o  
know whether the  v i r u s  could withstand freeze-drying i n  food and what e f f e c t  t h i s  
had upon the s t a b i l i t y  of  t he  v i r u s  i n  subsequent stora e. Cream s t y l e  corn w a s  
chosen as the  model food v e h i c l e  because the  "pre-mix" form of t 
g roce r ' s  s h e l f  i t e m  (canned cream s t y l e  corn) .  Feces conta in ing  
weighed onto laminate  squares  (0,5 g per square) and s h  pped frozen t o  Dr, M. C. 
Smith a t  NASA Houston. These were added t o  cream s t y l e  corn i n  molds, f reeze-  
d r i ed ,  vacuum packaged, and shipped t o  Madison f o r  assay ,  A sample was taken 
a f t e r  each processing s t ep ,  rehydrated,  and frozen. The g r e a t e s t  loss of v i r u s  
ev iden t ly  occurred during the  freeze-drying s t e p  ( c f ,  Fig. 1 7 ) .  A f u r t h e r  
apparent  l o s s  of i n f e c t i v i t y  i n  t r a n s i t  from Houston t o  Madison seems n o t  t o  
have been rea l ;  the  t i t e r  of the sample a f t e r  f reeze-dry ing  is  i d e n t i c a l  t o  the  
l e a s t  squares  estimate of the  zero-time t i t e r  of  the  s to red  samples, Contamin- 
a t ed  food samples  Stored a t  5 C s i n c e  a r r i v a l  i n  Madison have shown slow loss of 
i n f e c t i v i t y ;  the  slope of t h e  l e a s t  squares curve shown i n  Fig.  17 is -0,0032 day-'. 
One sample  w a s  d iv ided  i n t o  s m a l l  volumes and frozen a f t e r  rehydra t ion .  Por t ions  
of t h i s ,  t e s t e d  a f te r  per iods of up t o  12 weeks a t  -20 C, have s h m  an apparent  
i n a c t i v a t i o n  rate of -0.0008 day-'* Tliis probably does not  d i f f e r  s i g n i f i c a n t l y  
from zero ;  more than 3 years  would be requi red  for 90% i n a c t i v a t i o n  a t  t h i s  rate. 
The s t a b i l i t y  of the  v i r u s  a t  5 C i n  t h i s  food should be due p r i n c i p a l l y  t o  the  
lack of a c i d ;  the pH shown f o r  t h i s '  f od i n  the t a b l e s  is 6.8,  
f reeze-drying was of the o rde r  of  lo-', which is  w i t h i n  the  range of our  previous 
experience wi th  v i r u s  inocula ted  i n t o  a l r e a d y  d r i e d  foods of s e v e r a l  kinds ( c f .  
Fig.  6 ) .  The s t a b i l i t y  of the  v i r u s  i n  s t o r a g e  ranks among the  ve ry  h ighes t  t h a t  
we have seenD 

The loss i n  

DISCUSS ION 

We have i d e n t i f i e d  several  f a c t o r s  which seem t o  inf luence  t h e  s t a b i l i t y  
of v i r u s e s  i n  foods f o r  space f l i g h t .  Preeminent among these  is t h e  kind of  
v i r u s ;  r eov i rus  type 1 and two myxoviruses ( in f luenza  A and para inf luenza  v i r u s  
type 3)  were r a p i d l y  i n a c t i v a t e d  i n  foods a t  5 C. Enteroviruses ,  inc luding  a l l  
t h ree  types of  po l iov i ruses  and EC-6, were q u i t e  s t b b l e  i n  some foods and were 
inva r i ab ly  more p e r s i s t e n t  than the  agents  l i s t e d  above. There w a s  no apparent  
d i f f e r e n c e  i n  s t a b i l i t y  among en te rov i ruses ,  nor  d i d  source ( t i s s u e  c u l t u r e s  o r  
the  human i n t e s t i n e s )  nor  c a r r i e r  ( feces  o r  1% agar)  in f luence  t h e  rate a t  which 
the en te rov i ruses  were inac t iva t ed .  The emphasis here  has been upon f reeze-  
d r i e d  foods, b u t  t he re  has been no ind ica t ion  t h a t  en te rov i rus  s t a b i l i t y  i s  
d i r e c t l y  dependent upon m o i s t u r e  conten t ,  Most of t he  i n a c t i v a t i o n  rates which 
we have observed have been wi th in  the  range of those repor ted  by o t h e r s  w 
working wi th  foods of normal moisture  conten t .  
bacon squares  and beef b i t e s  a t  5 C i n  our  experiments has been g r e a t e r  than i n  
any food s tud ied  by o the r s ,  but t h i s  seems n o t  t o  be due t o  t h e i r  low moisture  
content .  It should be mentioned t h a t  the  beef b i t e s  used i n  t h i s  y e a r ' s  work 
d i f f e r  from those t e s t e d  previous ly  i n  t h a t  they do n o t  have the  w a x y  coa t ing  
which seemed t o  l i m i t  i n t e r a c t i o n  of the  v i r u s  wi th  t h e  food, 

S t a b i l i t y  of en te rov i ruses  i n  

e proved a very  s i g n i f i c  t o r  i n  v i r u s  i n a c t i v a t i o n ,  
a t ed  more r a p i d l y  at ro ratenre than a t  12 C or  a t  5 C, 
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and may n o t  have been inac t iva t ed  a t  a l l  a t  -20 C ,  Only v i r u s  i n  bacon squares  
was t e s t e d  by cyc l ing  it between room temperature and 5 C. The amount of 
i n a c t i v a t i o n  w a s  appa ren t ly  equal  to ,  o r  perhaps s l i g h t l y  g r e a t e r  than, could be 
a t t r i b u t e d  t o  the  t i m e  spen t  a t  room temperature,  Though i n a c t i v a t i o n  i n  bacon 
squares  a t  5 C has been n e g l i g i b l e  i n  shor t - t ime experiments, po l iov i rus  has  
been less s t a b l e  i n  bacon squares  than i n  some o the r  foods a t  room temperature,  
Therefore,  w e  cannot assume t h a t  what we have learned of the  inf luence  of food 
composition on v i r u s  s t a b i l i t y  a t  reduced temperatures  i s  v a l i d  a t  room tempera- 
t u r e  o r  above, 

. Acidi ty  appears  t o  be the  next  f a c t o r ,  i n  o rde r  of precedence, in f luenc ing  
the  s t a b i l i t y  of en te rov i ruses  i n  foods a t  reduced temperatures ,  I n a c t i v a t i o n  i n  
foods a t  pH 7 o r  s l i g  t l y  above has gene ra l ly  been slower than  in  a c i d  foods. 
Ac id i ty  a l s o  appears  t o  have i n f l u e  ced the  way i n  which o t h e r  food components 
a f f e c t  v i r u s  s t a b i l i t y s  Nei ther  h i  h p ro te in  nor  s a l t  was s i g n i f i c a n t  in  
n e u t r a l  food, bu t  t h e  two toge the r  s t a b i l i z e d  v i r u s  a t  pH 5,5, These s ta tements  
should be hedged by po in t ing  out  t h a t  they  a r e  based upon d a t a  from one food 
(dry  banana pudding) ad jus t ed  wi th  one a c i d  (propionic)  t o  one pH (5.5) and 
supplemented wi th  one p r o t e i n  ( lactalbumin)  and one form of sa l t  (dry PBS). The 
d a t a  obtained from t h i s  experimental  system have not been a t  odds w i t h  those from 
whole foods of  varying composition, but  they obviously have n o t  covered all of 
t h e  p o s s i b i l i t i e s  e 

' The d a t a  on freeze-drying pol iovi rus  i n  cream s t y l e  corn lend themselves 
t o  a r a t h e r  c i r c u l a r  i n t e r p r e t a t i o n .  I t  appears  t h a t  t he  v i r u s  is s t a b l e  i n  
s to rage  i n  t h e  d ry  form of t h i s  food a t  5 C. P e r  as a consequence, i t  was 
inac t iva t ed  only  t o  a l imi t ed  ex ten t  (loe2) dur ing  freeze-drying.  Having been 
f reeze-dr ied  i n  the  food apparent ly  d id  n o t  diminish the  s t a b i l i t y  of the  v i rus ,  
f o r  i t  was (as s t a t e d  above) inac t iva t ed  very  s lowly i n  s to rage  a t  5 C, This  i s  
n o t  a very s a t i s f y i n g  i n t e r p r e t a t i o n  b u t  anything more d e f i n i t e  awaits f u r t h e r  
experience wi th  f reeze-dry ing  o t h e r  

One i s  tempted t o  expound f u r t h e r  upon what we don ' t  know. We have found 
t h a t  t he re  are a t  least fou r  p o t e n t i a l l y  s i g n i f i c a n t  f a c t o r s  (temperature,  pH, 

f l i g h t ,  I f  one envis ions  t h e  q u a n t i t y  of each of  t hese  being represented  i n  a 
four-dimensional p lo t ,  w e  have been working p r i n c i p a l l y  a long the  axes r a t h e r  
than i n t o  the  space which they  def ine .  A real  knowledge of t he  inf luence  of 
these  f a c t o r s  upon v i r u s  i n a c t i v a t i o n  r e q u i r e s  t h a t  a much broader t of cmbina -  
t i o n s  of  t hese  f a c t o r s  be t e s t ed .  We have a l r e a d y  de tec t ed  one an 
e f f e c t  of s a l t  upon v i r u s  s t a b  l i t y  i n  a c i d  food ev iden t ly  v a r i e s  w i t h  p r o t e i n  
l e v e l .  I f  a d d i t i o n a l  work is  one, t he re  are l i k e l y  t o  be several more 
su rp r i se s .  

r o t e i n ,  and sa l t  conten t )  i n  t h e  s t a b i l i t y  of en te rov i ruses  i n  foods €or space 

S RY 

Reovirus type 1, inf luenza  v i r u s  type A, and para inf luenza  v i r u s  type 3 
per s i s t ed  f o r  5 3 days i n  t h e  space foods t e s t e d ,  "he en te rov i ruses  t e s t e d  per- 
s i s t e d  > 2 weeks a t  room temperature  and > 2 months i n  t h e  r e f r i g e r a t o r ,  Where 
s to rage  temperature i s  n o t  cons tan t ,  t ime-temperature e f f e c t s  are roughly c u m -  
la t ive ,  I n a c t i v a t i o n  of en te rov i ruses  proceeds a t  an in te rmedia te  ra te  i n  foods 
s to red  a t  an in te rmedia te  temperature of 12 C, 

Pol iov i ruses  from feces and from t i s s u e  c u l t u r e s  are inac t iva t ed  a t  
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comparable rates i n  foods. The i n a c t i v a t i o n  rate of  another  en te rov i rus  (ECHO-6) 
was similar.  Nei ther  t h e  presence of f eces  nor of the  f e c a l  mic ro f lo ra  seemed 
t o  inf luence  the pe r s i s t ence  of food-borne po l iov i rus ,  

Thc moisture  level i n  a food did n o t  a f f e c t  po l iov i rus  i n a c t i v a t i o n  
under the  condi t ions  of t h e s e  tests,  A t  reduced temperatures,  v i r u s  s t a b i l i t y  
was g r e a t  i n  foods a t  pH 2 7, A t  pH 5.5, t he re  i s  a complex i n t e r a c t i o n  of  
p ro te in  and s a l t  conten t  upon v i r u s  s t a b i l i t y ,  If the  contaminant i s  appl ied  

t i o n  of the food i s  immaterial. 
ize food i t e m  w i th  a t r u l y  impervious coa t ing ,  the i n t e r n a l  composi- 

Po l iov i rus  was i n a c t i v a t e d  loe2 dur ing  freeze-drying of  cream s t y l e  corno  
The remaining v i r u s  was q u i t e  s t a b l e  dur ing  s to rage  of  t h e  product a t  5 C. 
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