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ABSTRACT

E xperim en ts  were conducted  to  d e te rm in e  th e  e f f e c t s  of r e l a ­

t i v e  h u m id ity  upon th e  s u r v i v a l  o f th e  Japan  305/57 s t r a i n . o f  i n f l u ­

enza v i r u s ,  type  A2e A r o t a t i n g  drum chamber was employed w ith  

c o n t r o l l e d  te m p e ra tu r e ,  h u m id i ty ,  and a e r o s o l  , c o n c e n t r a t i o n 0 Aero­

s o l s  were g e n e ra te d  from u n d i l u t e  a l l a n t o i c  f l u i d e V i r a l  i n f e c t i v i t y  

o f  a e r o s o l s  was a ssay ed  in  embryonated eg g s .

A ero so l  s t u d i e s  w ere conducted  a t  70 F and a t  4 r e l a t i v e

h u m id i t i e s  (25%, 40%, 55%, and 80%)* H ig h e s t  v i r a l  i n f e c t i v i t y  was 

no ted  a t  th e  lo w es t  t e s t e d  r e l a t i v e  h u m id i ty  of 25% and lo w es t  v i r a l  

i n f e c t i v i t y  was n o te d  a t  th e  h i g h e s t  t e s t e d  r e l a t i v e  h u m id i ty  of 80%o
l ' ■

The r e s u l t s  i n d i c a t e d  t h a t  under  th e  t e s t  c o n d i t i o n s ,  th e  e f f e c t  of 

r e l a t i v e  h u m id i ty  on th e  p r o to ty p e  s t r a i n  of A sian  in f l u e n z a  v i r u s

c l o s e l y  p a r a l l e l  t h a t  o f in f l u e n z a  v i r u s ,  type  A0

v



INTRODUCTION

The A sian  s t r a i n  o f  in f l u e n z a  v i r u s  (A2) has  caused  d i s e a s e  in  

o n e .o r  more g e o g ra p h ic  a r e a s  o f  th e  w orld  each  y e a r  s in c e  19570 The 

v i r u s e s  r e s p o n s i b l e  f o r  ep idem ics  of type  A in f lu e n z a  s in c e  1957 have 

been  of th e  A2 s u b - ty p e ,  c l e a r l y  r e l a t e d  to  v i r u s e s  i s o l a t e d  in  1957 

b u t .  showing a n t i g e n i c  s h i f t  ( 2 8 ) 0

The n a t u r a l  h i s t o r y ,  mechanism of s p re a d ,  and ep idem io logy  of 

A sian  in f l u e n z a  a r e  w e l l  documented ( 1 6 ,2 0 , 2 8 ,3 4 ) 0 These r e p o r t s  

c l e a r l y  i n d i c a t e  th e  importance* o f  A sian  in f l u e n z a  as  one o f  the  p r i ­

mary cau ses  o f r e s p i r a t o r y  i n f e c t i o n s 0

E x p e r im e n ta l ly ,  i n f l u e n z a  v i r u s  h as  been shown to  be t r a n s ­

m i t te d  by th e  a e r o s o l  r o u t e 0 A lfo rd  e t  a l e (1 )  exposed human v o lu n ­

t e e r s  to  sm a ll  p a r t i c l e  a e r o s o l s  o f th e  B e thesda  10/63 ( ty p e  A2) s t r a i n  

o f  in f l u e n z a  v i r u s 0 I n f e c t i o n  and t y p i c a l  in f lu e n z a  r e s u l t e d  even when 

low doses  of v i r u s  w ere a d m in i s t e r e d 0- Low l e v e l s  of serum n e u t r a l i z i n g  

a n t ib o d y  w ere n o t  c o m p le te ly  e f f e c t i v e  i n  p r e v e n t in g  i n f e c t i o n  and i l l ­

ness© Hood (14) d em o n s tra ted  the  i n f e c t i v i t y  of a e r o s o l s  o f in f lu e n z a  

v i r u s  in  m ice by u s in g  th e  PR8 ( ty p e  A) and S ingapore  ( ty p e  A 2)stra in©  

Saslaw  and C a r l i s l e  (29) i n f e c t e d  rh e s u s  and cynomolgus monkeys w i th  

th e  PR8 s t r a i n  of i n f l u e n z a  v i r u s 0

V ir a l  a g e n ts  o th e r  th an  i n f l u e n z a  have a l s o  been  shown to  be - 

i n f e c t i o u s  v i a  the  r e s p i r a t o r y  r o u te  (3 ,4 ,8 ,1 9 ,2 3 )©  These exp er im en ts

• ■ "  1 .



f u r t h e r  i n d i c a t e  th e  p o t e n t i a l  im portance  o f  th e  a e r o s o l i z e d  s t a t e  of

v i r a l  a g e n ts  in  c a u s in g  i n f e c t i o n s  in  man and a n im a l s „

For an a i rb o r n e  r e s p i r a t o r y  i n f e c t i o n  such as in f lu e n z a ^  p as sag e

of  th e  e t i o l o g i c  a g e n t  th rough  th e  a tm osphere  i s  an e s s e n t i a l  p a r t  o f

th e  i n f e c t i v i t y  c h a in ;  t h e r e f o r e 9 th e  a g e n t  w i l l  be exposed to  th e  e f -
' •

f e c t s  of many en v iro n m e n ta l  c o n d i t i o n s 0 The o b s e r v a t io n  t h a t  r e l a t i v e  

h u m id i ty  has  a s i g n i f i c a n t  in f lu e n c e  on th e  s u r v i v a l  o f  a i r b o r n e  i n f l u ­

enza A v i r u s  was f i r s t  made by L o o s l i . and a s s o c i a t e s  in  1943 ( 2 2 ) e 

They observed  t h a t  th e  i n f e c t i v i t y  of in f l u e n z a  v i r u s  d e c r e a s e s  as  th e  

r e l a t i v e  h u m id ity  i n c r e a s e s 0 •

S ince  the  work o f  L o o s l i ;  many ex p e r im en ts  in v o lv in g  the  e f ­

f e c t s  of r e l a t i v e  h u m id i ty  on v i r a l  and b a c t e r i a l  a g e n ts  have been 

conductedo L e s te r  (21) observed  t h a t  th e  i n f e c t i v i t y  o f  in f lu e n z a  A 

v i r u s  d e c re a se d  as th e  r e l a t i v e  h u m id i ty  was r a i s e d  from 30% to  50% and 

th e n  g r a d u a l ly  in c re a s e d  as  th e  r e l a t i v e  h u m id i ty  was e l e v a te d  to  80% 

or lowered to  20%, D unklin  and Puck (5 )  observed  t h i s  same phenomenon 

i n  the  d e a th  r a t e  o f pnem ococci, h e m o ly t ic  s t r e p t o c o c c i  and s t a p h y l o ­

c o c c i  a tom ized  in t o  th e  a i r  of an e x p e r im e n ta l  cham ber0 The c o n ce p t 

t h a t  in t e r m e d ia te  r e l a t i v e  h u m id i t i e s  a r e  m ost l e t h a l  i s  su p p o r ted  by 

o th e r  i n v e s t i g a t o r s  ( 6 ,3 1 ) ,  H arper ( 9 ) ,  w orking  w i th  v a c c in ia ?  i n f l u e n ­

za? V enezuelan  equ ine  e n c e p h a l i t i s  and p o l i o m y e l i t i s  v i r u s e s  found t h a t  

w i th  the  e x c e p t io n  of p o l i o m y e l i t i s  v i ru s ?  a l l  s u rv iv e d  b e s t  a t  the  

lo w es t  r e l a t i v e  h u m i d i t i e s  t e s t e d  which ranged  from 17% to  25%, P o l i o ­

m y e l i t i s  . v i r u s  s u rv iv e d  b e s t  a t  th e  h i g h e s t  r e l a t i v e  h u m id i ty  t e s t e d ?  

w hich was 81%, Hemmes? W inkler? and Kool (12) r e p o r te d  t h a t  r e l a t i v e



h u m id ity  was more im p o r ta n t  th an  te m p e ra tu re  and a b s o lu t e  h u m id i ty  in  

th e  s u r v i v a l  of in f l u e n z a  and p o l i o m y e l i t i s  v i r u s  a e ro s o ls *  A lso , th e  

e f f e c t s  of r e l a t i v e  h u m id ity  were n o t  depen d en t on th e  co m p o s i t io n  of 

th e  medium s u r ro u n d in g  th e  v i r u s  p a r t i c l e .  They r e p o r te d  t h a t  i n f l u ­

enza v i r u s  s u rv iv e s  b e s t  a t  low r e l a t i v e  h u m id i ty  and p o l i o m y e l i t i s  

v i r u s  a t  high" r e l a t i v e  h u m id i ty .

In  a more r e c e n t  s tu d y ,  Songer (32) observed  t h a t  v i r u s  l o s s  on

• a e r o s o l  g e n e r a t io n  was lower a t  90% r e l a t i v e  h u m id ity  th a n  a t  10% or

35% r e l a t i v e  h u m id i ty .  With r e f e r e n c e  to  a e r o s o l  s t a b i l i t y ,  he ob­

se rved  t h a t  N ew castle  d i s e a s e  v i r u s  and v e s i c u l a r  s t o m a t i t i s  v i r u s  s u r ­

v ived  b e s t  a t  10% r e l a t i v e  h u m id i ty ,  w hereas  i n f e c t i o u s  bov ine  

r h i n o t r a c h e i t i s  v i r u s  and E s c h e r i c h ia  c o l i  B T3 b a c te r io p h a g e  su rv iv e d  

b e s t  a t  90% r e l a t i v e  h u m id i ty .  With a e r o s o l s  o f  p a r a i n f lu e n z a  3 and 

ad e n o v iru s  type  4 and type  7, M i l l e r  and A r t e n s t e i n  (24) found t h a t  

p a r a i n f lu e n z a  v i r u s  was more s t a b l e  a t  low er r e l a t i v e  h u m id ity  and 

th e  a d e n o v iru se s  were more s t a b l e  a t  h ig h e r  r e l a t i v e  h u m id i ty .  F i n a l l y ,  

K e lley  (17). observed  t h a t  th e  i n f e c t i v i t y  of a e r o s o l i z e d  PR8 ^ in f luenza  

v i r u s  was h ig h e r  a t  85% th a n  a t  50% r e l a t i v e  h u m id i ty .

In  th e  s t u d i e s  r e p o r te d  above in v o lv in g  th e  e f f e c t  o f  r e l a t i v e

hu m id ity  on in f lu e n z a  v i r u s ,  the  PR8 s t r a i n  o f  in f l u e n z a  v i r u s ,  type  A, 

was u s e d . The r e s u l t s  of th e s e  ex p e r im en ts  y ie ld e d  l i t t l e  in fo rm a t io n  

as to  w he the r  or n o t  A sian  s t r a i n s  of i n f l u e n z a  v i r u s ,  type  A2, a r e  a f ­

f e c t e d  in  a s i m i l a r  m anner. A sian  in f l u e n z a  v i r u s  re se m b le s  e a r l i e r  

type  A s t r a i n s ,  b u t  t h e r e  a r e  c e r t a i n  d i s t i n c t  s t r a i n  d i f f e r e n c e s e 

A ccording  to  Robinson ( 2 7 ) ,  the  more im p o r ta n t  d i f f e r e n c e s  a r e :  ( a )



t h e r e  a r e  s i g n i f i c a n t  irmnunologic d i f f e r e n c e s  when compared w i th  e a r ­

l i e r  p r o to ty p e  s t r a i n s ;  (b )  the  h e m a g g l u t i n a t i o n - i n h i b i t i o n  (HI) t e s t ,  

w hich i s  s t r a i n  s p e c i f i c ,  r e v e a l s  no a n t i g e n i c  r e l a t i o n s h i p  when com­

pared  a g a i n s t  s e v e r a l  i s o l a t i o n s  made d u r in g  the  p e r io d  1933=1957;

(c )  th e  A sian  s t r a i n s . a g g l u t i n a t e  e r y th r o c y te s  to  a c o n s id e r a b ly  lower 

t i t e r  than  th e  e a r l i e r  type  A s t r a i n s ,  and they  w i l l  a g g l u t i n a t e  a 

b ro a d e r  sp ec tru m  o f e r y th r o c y te  s p e c i e s ;  and (d) th e  A sian  s t r a i n s  a r e  

n o t  p a r t i c u l a r l y  v i r u l e n t  f o r  m ic e 0

The p r e s e n t  s tu d y  was u n d e r ta k e n  to  d e te rm in e  th e  e f f e c t  of 

v a r io u s  r e l a t i v e  h u m i d i t i e s  a t  70 F (21 C) on th e  i n f a c t i v i t y  of the  

p r o to ty p e  s t r a i n  o f A sian  i n f l u e n z a  v i r u s ,  Japan  3 0 5 /5 7 0



MATERIALS AND METHODS

M icro or gan1sms

Spores o f  B a c i l l u s  s u b t i l i s  w ere used as  a p h y s i c a l  t r a c e r  f o r

d e te rm in in g  p h y s ic a l  decay  r a t e s  and r e c o v e ry  r a t i o s  of a e r o s o l s e A

s to c k  sp o re  s u s p e n s io n ,  p re p a re d  by K e lle y  (1 7 ) ,  w i th  a c o n c e n t r a t i o n

of 6 ,0  x 10^ s p o re s /m l  was u s e d 0 From t h i s  s to c k  s u s p e n s i o n , •a w orking

7s to c k  c o n ta in in g  5 ,3  x  10 s p o re s /m l  was p rep a re d  in  doub le  d i s t i l l e d  

w a te r .  O n e - te n th  ml of t h i s  w orking  s to c k  was added to  th e  sp ray  s u s ­

p e n s io n ,

Japan  305/57 s t r a i n  o f A sian  (A2) i n f l u e n z a  v i r u s  was u s e d 6 

The, v i r u s  was o b ta in e d  from th e  R esea rc h  R e fe re n ce  R eagen ts  Branch of 

th e  N a t io n a l  I n s t i t u t e  o f  A l le rg y  and I n f e c t i o u s  D is e a s e s ,  N a t io n a l  

I n s t i t u t e  of H e a l th ,  B e th esd a ,  M ary land , I t  was passed  one a d d i t i o n a l  

tim e in  em bryonated eggs in  our l a b o r a t o r y  b e f o r e  th e  w ork ing  s to c k  to  

be used in  th e s e  ex p e r im en ts  was p r e p a r e d ,  A v i r u s  w ork ing  s to c k  was 

p re p a re d  by i n o c u l a t i o n  o f  0 ,1  ml of a 10 d i l u t i o n  of s to c k  v i r u s  in  

D ifco  b r a i n  h e a r t  i n f u s i o n  b r o th  i n t o  th e  a l l a n t o i c  c a v i t y  o f 11-day- 

old embryonated eg g s .  A f te r  48 h r  i n c u b a t io n  a t  38 C, th e  embryos w ere 

cand led  and a l l  v i a b l e  embryos were r e f r i g e r a t e d  o v e r n ig h t .  The a l l a n ­

t o i c  f l u i d  w a s . c o l l e c t e d  a s e p t i c a l l y ,  p o o le d ,  and s to r e d  a t  -65 C in

5-ml volum es. T h is  w ork ing  s to c k  of Japan  305/57 i n f l u e n z a  v i r u s  had

7an egg i n f e c t i v e  dose 50 (EID^^) t i t e r  o f  10 i n f e c t i o u s  u n i t s / 0 , 1  ml 

as  de te rm ined  by th e  method of Reed and "Muench ( 2 6 ) 0

' • ' 5



A eroso l G e n e ra t io n

A r o t a t i n g  drum chamber (7) housed in  an e n v i ro n m e n ta l - c o n ­

t r o l l e d  s a f e t y  c a b i n e t  was used f o r  th e  a to m iz a t io n ,  s t o r a g e ,  and c o l ­

l e c t i o n  of a e r o s o l s e C h a r a c t e r i s t i c s  and o p e r a t in g  p ro c e d u re s  f o r  t h i s  

a p p a ra tu s  have been r e p o r te d  in  d e t a i l  by K e lle y  (17)©.

A ero so ls  were g e n e ra te d  from a s t e r i l e  D e v i l b i s s  #40 n e b u l i z e r  

u s in g  a compressed a i r  su p p ly  of 25 psi© The sp ra y  s u sp e n s io n  was p r e ­

pared  by m ix ing  0© 1 ml of w orking  sp o re  s u sp e n s io n  w i th  4 e9 ml of un ­

d i l u t e  a l l a n t o i c  f l u i d  c o n ta in in g  the  w ork ing  s to c k  v i r u s 0 The 

n e b u l i z e r  was loaded w i th  4 ml o f th e  s p ra y  s u sp e n s io n  p r i o r  to  atom­

i z a t i o n  and th en  connec ted  to  th e  com pressed a i r  line© The a e r o s o l  was 

g e n e ra te d  f o r  4 min a t  a t o t a l  a i r  f low  of 250 l i te r s /m in ©  Secondary 

a i r  was o b ta in e d  from th e  e n v i ro n m e n ta l - c o n t r o l le d  s a f e t y  c a b i n e t  

th rough  a f i l t e r e d  valve© A ir  b a la n c e  in  th e  c a b i n e t  was m a in ta in e d  

w i th  the  compressed a i r  i n l e t  valve© A f t e r  a to m iz a t io n ,  th e  compressed 

a i r  and vacuum l i n e s  were c lo se d  s im ultaneously©  The seco n d ary  . a i r  

v a lv e  was th e n  c lo s e d ,  th u s  s e a l i n g  th e  s to r a g e  drum©

A eroso l  Sampling

A ero so l  sam ples were o b ta in e d  w i th  s t e r i l e  a l l - g l a s s  im pingers  

(AGI-30) (2)© The im pinger f l u i d  c o n s i s t e d  of 20 ml o f  s t e r i l e  b r a i n  

h e a r t  i n f u s io n  b r o th  c o n ta in in g  2 d rops  o f  an tifoam * The im pingers  had 

a f low  r a t e  of 1205 l i t e r s / m i n  and each sam pling  p e r io d  was 1 min© 

A ero so ls  w ere g e n e ra te d  a t  70 F a t  r e l a t i v e  h u m id i t i e s  o f  a p p ro x im a te ly  

25%, 40%, 55%, and 80%© I n i t i a l  sam ples w ere ta k e n  a t  15 min a f t e r  

a e ro s o l i z a t io n ©  Subsequent samples were ta k e n  a t  i n t e r v a l s  of 10 min,



30-m in, o r  60 min, depend ing  on th e  r e l a t i v e  h u m id ity  b e in g  t e s t e d 6 

Spray and im pinger  sam ples were d isp e n s e d  i n t o  tu b es  and s to r e d  a t  

-65 C u n t i l  a s s a y  cou ld  be c o n d u c te d 0

P h y s ic a l  Decay

P h y s ic a l  decay  of th e  a e r o s o l s  was de te rm ined  by u s in g  the  

s p o re s  of B»e s u b t i l i s  as  a t r a c e r 0 The s t a b i l i t y  of t h i s  o rganism  f o r  

a e r o s o l  s t u d i e s  i s  w e l l  e s t a b l i s h e d  ( 1 1 ,2 5 ) ,  Spore a s s a y s  were made 

p rom ptly  on the  s p ra y  s u s p e n s io n s  p r i o r  to  and a f t e r  a e r o s o l i z a t i o n ,  

and on th e  im pinger f l u i d  o f  each sample© T e n -fo ld  d i l u t i o n s  were made 

in  d i s t i l l e d  w a t e r 0 Assays o f  sp ra y  sam ples were made by s p re a d in g  0 e1 

ml of each d i l u t i o n  on each  of 3 p l a t e s  of B acto  n u t r i e n t  a g a r c Im­

p in g e r  sam ples were a ssay ed  by s p re a d in g  0 o2 ml o f  u n d i l u t e  im pinger 

f l u i d  on each  o f 3 B acto  n u t r i e n t  a g a r  p la tes©  D i lu t i o n s  of sp o re  s u s ­

p e n s io n  y i e l d i n g  l e s s  th a n  300 c o lo n ie s  were c o u n ted .

T o ta l  Decay

T o ta l  decay of v i r u s  was d e te rm in ed  f o r  each  r e l a t i v e  h u m id ity  

tested©  A ero so l  s to r a g e  p e r io d s  were as  f o l lo w s :  ( a )  25% r e l a t i v e

h u m id i ty ,  360 min; (b )  40% r e l a t i v e  h u m id i ty ,  195 minj ( c )  55% r e l a t i v e  

h u m id i ty ,  65 min; and (d )  80% r e l a t i v e  h u m id i ty ,  55 m in e A eroso l sam­

p le s  were- ta k en  a t  s to r a g e  tim es  from 15 min to  end of s t o r a g e  p e r i o d e

■ B io l o g ic a l  Decay

B io l o g i c a l  decay  was de te rm ined  by s u b t r a c t i n g  th e  log^Q s p ra y  

v i r u s / s p o r e  r a t i o  from th e  l o g ^  im pinger v i r u s / s p o r e  r a t i o .  To t h i s



f i g u r e  was added th e  log  of 100 , th u s  g iv in g  the  log  p e r  c e n t  of i n f e c ­

t i o u s  v i r u s  p r e s e n t  f o r  a p a r t i c u l a r  a e r o s o l  sam p le0

E ry th ro c y te  S uspension

Blood ta k e n  a s e p t i c a l l y  by c a r d i a c  p u n c tu re  from c h ick en s  was 

suspended in  A l s e v e r ’ s s o l u t i o n  (15) and s to r e d  a t  4 C0 P r i o r  to  u s e ,  

a 0 o57o ( v /v )  s u sp e n s io n  was p re p a re d  in  0*85% N&C1 by w ash ing  th e  c e l l s  

3 t im es in  s a l i n e  s o l u t i o n  and c e n t r i f u g i n g  a t  1000 rpm f o r  5 m in0

V irus  T i t r a t i o n

The t i t r a t i o n s  o f  th e  i n f e c t i v e  v i r u s  c o n c e n t r a t i o n  o f  s to c k  

p r e p a r a t i o n s  and a e r o s o l  sam ples w ere c a r r i e d  o u t  in  11-d a y -o ld  em~ 

b ry o n a te d  eg g s .  B ra in  h e a r t  i n f u s i o n  b r o th  was used f o r  making s e r i a l

d i l u t i o n s o  Eggs w ere in o c u la te d  by th e  a l l a n t o i c  r o u te  w i th  0 .1  ml of
• i

th e  t e s t  m a t e r i a l  and in c u b a te d  a t  38 C f o r  44 to  48 h o u r s 0 Live em­

b ryos  were s u b s e q u e n t ly  c h i l l e d  a t  4 C o v e r n i g h t0 A f te r  c h i l l i n g ,  

a p p ro x im a te ly  0 .5  ml o f c l e a r  a l l a n t o i c  f l u i d  was removed, from the  egg 

and checked f o r  h e m a g g lu t in in . F i f t y  p e r  c e n t  end p o in t s  were c a l c u ­

l a t e d  as su g g es ted  by H i r s t f s (13) a p p l i c a t i o n  of th e  Reed-Muench 

te c h n iq u e  ( 2 6 ) e

. . P r e l im in a ry  t i t r a t i o n s  w ere c a r r i e d  o u t  by u s in g  1 0 -fo ld  d i l u ­

t i o n s  and. 6 e g g s / d i l u t i o n .  T h is  was n e c e s s a r y  in  o rd e r  to  e s t a b l i s h  

app rox im ate  end p o in t s  and a e r o s o l  s to r a g e  t im e s .  F i n a l  t i t r a t i o n s  

w ere based  on 3 - f o ld  d i l u t i o n s  and 10 e g g s / d i l u t i o n .
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S ero logy

Immune g u in e a  p ig  serum which had p r e v io u s ly  been  d e te rm in e d • to  

c o n ta in  s t r a i n  s p e c i f i c  h e m a g g lu t in a t io n * - in h ib i t in g  a n t ib o d y  to  Japan  

305/57 in f lu e n z a  v i r u s  was used to  c o n f irm  th e  i d e n t i t y  of v i r u s  in  

s to c k  and a e r o s o l  s a m p le s 0 . A m ic ro te c h n iq u e  as  d e s c r ib e d  by Sever (30) 

was used in  making th e s e  d e t e r m i n a t i o n s 0



RESULTS

P r e l im in a ry  Assay of V irus

P r e l im in a ry  a e r o s o l  ex p e r im en ts  w i th  th e  Japan  305/57 s t r a i n  o f  

i n f l u e n z a  v i r u s  were conducted  in  o rd e r  to  e s t a b l i s h  w h e th e r  or n o t  

changes in  r e l a t i v e  h u m id i ty  had any e f f e c t  on v i r a l  i n f e c t i v i t y 0 R e l ­

a t i v e  h u m id i t i e s  s e l e c t e d  f o r  th e s e  ex p e r im en ts  w ere 25%; 40%, 55%, and 

75%o A eroso l  samples w ere ta k e n  a t  15 min, 60 min, 120 m in, 180 min,

240 min, and 300 min a f t e r  a e r o s o l i z a t i o n .  The r e s u l t s  o f  th e s e  e x p e r ­

im ents  a r e  summarized in  T ab le  1* P r e l im in a ry  v i r a l  a s s a y s  r e v e a le d  

t h a t  a t  lower r e l a t i v e  h u m id i t i e s  th e  v i r u s  m a in ta in e d  i t s  i n f e c t i v i t y  

for.; embryonated eggs lo n g e r  th a n  i t  d id  a t  th e  h ig h e r  r e l a t i v e  hum id i­

t i e s  6 These r e s u l t s  p ro v id ed  th e  n e c e s s a r y  in fo rm a t io n  f o r  c o n t in u a t i o n  

o f  th e  s tu d ie s o  I t  was a p p a r e n t ,  beca u se  o f th e  d i f f e r e n t  decay r a t e s ,  

t h a t  th e  i n t e r v a l s  betw een sam pling  had to  be a d ju s t e d  f o r  each  r e l a ­

t i v e  hum id ityo  T h is  was n e c e s s a r y  in  o rd e r  to  p ro v id e  s u f f i c i e n t  p o in t s  

f o r  decay r a t e  d e t e r m i n a t i o n s 0 With t h i s  in fo rm a t io n  i t  was dec ided  

t h a t  f u t u r e  samples would be ta k en  a t  i n t e r v a l s  of 60 min f o r  25% r e l a ­

t i v e  h u m id i ty ,  30 min f o r  40%. r e l a t i v e  h u m i d i ty , . and 10 min f o r  55% and 

80% r e l a t i v e  h u m id i ty 0

F in a l  V i r a l  A ssays

V i r a l  t i t r a t i o n s  w ere conducted  on a l l  sp ra y  s u sp e n s io n s  and 

im pinger s a m p le s 6 A ssays of sp ra y  sam ples r e v e a le d  th e  fo l lo w in g  log^Q

.
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Table  1. Recovery of  a i rb o r n e  Japan  305/57 in f lu e n z a  v i r u s .  P re lim ' 
i n a ry  t i t r a t i o n s  of im pinger s a m p le s ,a

R e l a t i v e S to ra g e  P e r io d  (min)

Humidity 15 60 120 180 240 300
(p e r  c e n t ) EID^q C o n c e n t ra t io n ^

25 2.65 2.63 2.67 1.75 1.63 0 .75

40 2.90 2.48 1.85 1.25 0 .63 0 .3 3

55 2.10 0.05 0 .00  0 .00 c c

75 2.30 0 .00 0 .00  - c c c

a .
d i l u t i o n .

b .

c .

T i t r a t i o n s  in

C o n c e n t ra t io n  

Not done. .

embryonated e g g s , 10- f o ld  d i l u t i o n ,  

ex p re s se d  as  E I D ^ / 0 . 1 ml ( - l o g ^ ) .

6 e g g s /
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t i t e r s :  ( a )  25% r e l a t i v e  h u m id i ty ,  6 .546 ; (b )  40% r e l a t i v e  h u m id i ty ,

6 .903 ; ( c )  55% r e l a t i v e  h u m id i ty ,  6 .588 ; and (d) 80% r e l a t i v e  h u m id i ty ,  

6 .7 3 6 .  At th e  95% c o n f id e n c e  l i m i t s  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  

in  t i t e r s .  These r e s u l t s  i n d i c a t e  t h a t  under  th e  t e s t  c o n d i t io n s  th e  

in f lu e n c e  of r e l a t i v e  h u m id ity  had l i t t l e  o r  no e f f e c t  on v i r a l  i n f a c ­

t i v i t y  o f  th e  s p ra y  s u s p e n s io n s  d u r in g  a e r o s o l i z a t i o n .  The g eo m e tr ic  

mean t i t e r  (6 .6 9 3 )  o f  s p ra y  s u sp e n s io n s  d e s c r ib e d  above was used in  

making f u t u r e  c a l c u l a t i o n s .

V i r a l  I n f e c t i v i t y

The lo g .^  r a t i o  of i n f e c t i o u s  v i r u s  t i t e r  to  sp o re  t r a c e r  in  

th e  sp ra y  su sp e n s io n s  i s  shown in  T ab le  2. The v a r i a t i o n s  in  log^Q 

v i r u s / s p o r e  (V/S) r a t i o  a r e  caused by th e  d i f f e r e n t  c o n c e n t r a t i o n s  of 

sp o re  t r a c e r  used in  th e  s p ra y  s u s p e n s io n s .

The log  p e r  c e n t  i n f e c t i o u s  v i r u s  reco v e re d  from th e  im pinger 

sam ples was de te rm in ed  by a p p ly in g  th e  fo rm u la :

log  p e r  c e n t  i n f e c t i v i t y  = ( 2 .0  + l o g ^  im p inger  V/S r a t i o )

- log^Q sp ra y  V/S r a t i o

The amount of i n f e c t i o u s  v i r u s  re c o v e re d  under v a r io u s  e x p e r im e n ta l  

c o n d i t io n s  i s  p r e s e n te d  in  T ab les  3, 4, 5, and 6 .

The manner in  which r e l a t i v e  h u m id ity  a f f e c t s  th e  i n f e c t i v i t y  

of a i r b o r n e  Japan  305/57 in f lu e n z a  v i r u s  i s  p r e s e n te d  in  F ig u re  1. The 

lo w e s t  t e s t e d  r e l a t i v e  h u m id ity  f a v o r s  v i r a l  s u r v i v a l  and th e  h ig h e r  

r e l a t i v e  h u m id i t i e s  a r e  th e  m ost d e t r i m e n t a l .  As th e  r e l a t i v e  h u m id i ty  

was in c re a s e d  from 25% to  55%, th e  c a p a c i t y  of t h i s  v i r u s  to  s u rv iv e
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T able  20 V i r u s / s p o r e  r a t i o s  of s p ra y  s u sp e n s io n s  a t  t e s t  r e l a t i v e  
h u m id i t i e s o

R e l a t i v e  
Humidity 

( p e r  c e n t )
Logpo V irus  
Spray T i t e r a

Logio Spore 
Count

Logio
V iru s /S p o re

R a t io

25 6.693 5.580 1.113

40 6.693 5.041 1 = 652

55 6.693 4.845 1.848

! 80 6.693 4.903 1.790

a 0 G eom etric  mean of a l l  sp ra y  sample t i t e r s  a t  4 m in0
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Table  3„ I n f e c t i v i t y  o f Japan  305/57 i n f l u e n z a  v i r u s  a e r o s o l  re c o v ­
ered  a t  257o r e l a t i v e  h u m id ity  from drum cham ber.

Time in  
Min A f te r  

A to m iza tio n

L°glO
Im pinger

T i t e r a

Log 10
Spore
Count

Log 10
Im pinger 
V/S R a t io

Log P er  Cent 
I n f e c t i v i t y L

15. 3 ,073 1,813 1,260 2.147

60 3,307 1,799 1.508 2,395

120 3,020 1,756 1,264 2.151

180 2,744 1,699 1.045 1.932

240 2,524 1,681 0 ,843 1.730

' 300 2,442 1,716 0 .726 1.613

360 2,309 1.643 0.666 1.553

a .  C o n c e n t ra t io n  ex p re s sed  as  EID^q/ 0 ,1  m l,

b .  Based on a log^^  sp ra y  V/S r a t i o  o f  1 ,1 1 3 ,
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T able  4 e I n f e c t i v i t y  of Japan  305/57 in f l u e n z a  v i r u s  a e r o s o l
r e c o v e re d  a t  40% r e l a t i v e  h u m id i ty  from drum cham ber0

Time in  
Min A f t e r ■ 

A to m iza t io n

Log io  
Im pinger 

T i t e r a

LoglO '
Spore
Count

LoglO
Im pinger 
V/S R a t io

Log P er  Cent 
I n f e c t i v i t y L

15 3 .102 1.0 2.102 2.450

45 2.648 0 .954 1.694 2.042

75 2.586 0 .954 1.632 1.980

105 2.309 0 .978 1.331 1.679 ■

135 2.113 1.0 1.113 1.461

165 1.865 1.0 0.865 1.213

195 1.607 0 .978 0.629 0.977

a 6 C o n c e n t ra t io n  ex p re s se d  as EID^^/Osl m le 

b 0 Based on a log^^ s p ra y  r a t i o  of 1 ,652 ,



16

T able  5 0 I n f e c t i v i t y  o f Jap an  305/57 in f l u e n z a  v i r u s  a e r o s o l
re c o v e re d  a t  55% r e l a t i v e  h u m id ity  from drum cham bere

Time in  
Min A f te r  

A to m iza tio n

Log 10
Im pinger

T i t e r a

Log 10
Spore
Count

Logio
Im pinger 
V/S R a t io

Log Per Cent 
I n f e c t i v i t y L

15 2,777 0 ,954 1.823 1.975

25 .2 ,524 1 ,0 1.524 1.676

35 2,386 1.021 1.365 1.517

45 1,960 1.0 0 .960 1.112

55
|

1.841 0 .978 0.863 1.015
!

65 1,798 0.757 0.757 0 .909  .

a 0 C o n c e n t ra t io n  e x p re s sed  as  E I D ^ / O d  m l0 

b 0 Based on a log^Q sp ra y  V/S r a t i o  of l:o8480
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T able  6 „ - I n f e c t i v i t y  of Japan  305/57 in f l u e n z a  v i r u s  a e r o s o l
r e c o v e re d  a t  80% r e l a t i v e  h u m id i ty  from drum cham ber„

Time in  
'Min Af t e r  

A to m iza tio n

L° g l 0
Im pingef

T ite r&

Log 10 
Spore 
Count

Log 10
Im pinger 
V/S R a t io

Log Per Cent 
I n f e c t i v i t y L

15 : 2 .270 0.699 1.571 1.781

25 2.061 0 .740 1.321 1.531

35 1.860 0.778 1.082 1.292

45 1.021 0.740 .0.281. 0 .491

55 0.997 0.740 0.257 0.467

a« C o n c e n t ra t io n  ex p re s se d  as  EID^q/ 0»1 m l, 

b e Based on a log^^  s p ra y  V/S r a t i o  o f  l„ 7 9 0 o
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was p r o p o r t i o n a l l y  r e d u c e d s th e  m ost r a p id  decay o c c u r r in g  above 50% 

r e l a t i v e  hum id ity*  Under th e  t e s t  c o n d i t i o n s ,  th e  b i o l o g i c a l  h a l f - l i f e  

f o r  Japan  305/57 in f l u e n z a  v i r u s  was found to  b e :  ( a )  25% r e l a t i v e

h u m id i ty ,  140 min; (b )  40% r e l a t i v e  h u m id i ty ,  60 min; (c )  55% r e l a t i v e

h u m id i ty ,  13 min; and (d) 80% r e l a t i v e  h u m id i ty ,  10 min*

H e m a g g l u t in a t io n - i n h ib i t i o n  Test, and O ther C o n tro ls

H e m a g g l u t in a t i o n - i n h ib i t i o n  t e s t s  confirm ed th e  i d e n t i t y  of th e  

s to c k  v i r u s  p r e p a r a t i o n  as  th e  Japan  305/57 s t r a i n  o f in f l u e n z a  v i r u s ,  

type  A20 This  p ro c e d u re  a l s o  e s t a b l i s h e d  t h a t  th e  h e m a g g lu t in in s  p r o ­

duced in  embryonated eggs fo l lo w in g  i n o c u l a t i o n  of im pinger  samples were 

induced by th e  same v i r u s 6 S tock  sp o re  p r e p a r a t i o n ,  when in o c u la te d  in - ,  

to  embryonated eggs d id  n o t  s t i m u l a t e  th e  p r o d u c t io n  of h e m a g g lu t in in s 0

■ I ' V  'T h e re fo re ,  th e  h e m a g g lu t in in s  produced from im pinger sam ples were e s ­

t a b l i s h e d  as b e in g  th e  r e s u l t  of i n f e c t i o n  of the  em bryonated eggs w i th

Japan  305/57 in f l u e n z a  v i r u s ,  type  A20



DISCUSSION

The r e s u l t s  o f  p r e l im in a r y  t r i a l  a s s a y s  i n d i c a t e d  t h a t  the  

Japan  305/57 s t r a i n  o f  in f l u e n z a  v i r u s  was a f f e c t e d  by th e  v a r io u s  

changes in  r e l a t i v e  h u m id i ty 0 The reco v e ry ,  o f  th e  s t a b l e  sp o re  t r a c e r  

i n  a e r o s o l  sam ples e l im in a te d  doub t t h a t  th e  lo s s  of v i r a l  a c t i v i t y  

was due to  p h y s i c a l  decay  ( s e t t l i n g  o u t ) e The s i z e  and d e n s i t y  o f  th e  

v i r u s  p a r t i c l e  when compared w i th  t h a t  o f th e  B, s u b t i l i s  sp o re  i s  much 

le s s c  T h e r e f o r e $ i t  can be assumed t h a t  under  th e  same e x p e r im e n ta l  

c o n d i t io n s  p h y s i c a l  decay  o f  th e  v i r u s  would n o t  exceed t h a t  of the  

s p o r e 5 and any lo s s  o f  v i r a l  a c t i v i t y  i s  th e  ,r e s u l t  of b i o l o g i c a l  d e ­

cay ( " d e a th "  of v i r u s ) c

The decay  r a t e  f o r  th e  Japan  305/57 in f l u e n z a  v i r u s  a e r o s o l s  

s to r e d  a t  th e  t e s t  r e l a t i v e  h u m id i t i e s  was com parable  to  t h a t  r e p o r te d  

by Hemmes e t  a l 0 ( 1 2 ) ,  H arper ( 9 ) ,  and L o o s l i  e t  a l 0 (22) w i th  ty p e  A 

i n f l u e n z a  s t r a i n s *  The decay  r a t e s ,  how ever, do n o t  compare w i th  th e  

type  A in f l u e n z a  v i r u s e s  r e p o r te d  by S h ech m eis te r  (31) and L e s te r  (2 1 ) 6 

In  s e p a r a t e  s t u d i e s ,  th e y  (3 1 ,2 1 )  observed  h i g h e s t  v i r a l  r e c o v e ry  a t  

h ig h  and low r e l a t i v e  h u m i d i t i e s ,  and m ost decay in  th e  in t e r m e d ia te  

r e l a t i v e  h u m id ity  range* Whether o r n o t  th e s e  d i f f e r e n c e s  were due to  

th e  n a t u r e  o f th e  su sp e n d in g  medium i s  n o t  known* P re v io u s  s tu d i e s  

( 1 0 ,1 8 ,3 3 ,3 5 )  have shown t h a t  th e  c o m p o s i t io n  of th e  s p ra y  su sp e n s io n  

e x e r t  a g r e a t  in f l u e n c e  on th e  r a t e  of b i o l o g i c a l  i n a c t i v a t i o n *

20



21

The e x p e r im e n ta l  r e s u l t s  showed t h a t  r e l a t i v e  h u m id i ty  had 

l i t t l e  or no s i g n i f i c a n t  in f l u e n c e  on th e  i n f e c t i v i t y  o f th e  v i r a l  

s p ra y  su sp e n s io n  d u r in g  a e r o s o l i z a t i o n *  They d id  n o t ,  however, p ro v id e  

in fo rm a t io n  n e c e s s a r y  to  d e te rm in e  w hich r e l a t i v e  h u m id i ty  was the  most 

d e t r i m e n t a l  to  th e  v i r a l  c loud  im m ed ia te ly  ( w i th in  th e  f i r s t  m inu te )  

fo l lo w in g  a e r o s o l i z a t i o n 0 Songer (32) observed  w i th  s e v e r a l  v i r a l  

a g e n ts  t h a t  lo s s  of i n f e c t i v i t y  on a e r o s o l  g e n e r a t io n  was c o n s i s t e n t l y  

lower a t  90% th a n  a t  10% or 35% r e l a t i v e  hum id ityc  In  t h a t  t h i s  p o in t  

was n o t  i n v e s t i g a t e d  w i th  th e  Japan  305/57 s t r a i n  of i n f l u e n z a  v i r u s ,  

i t  i s  h o t  known w h e th e r  g e n e r a t i o n  l o s s ,  as  w e l l  as  s t o r a g e  lo s s ,  m ust 

be c o n s id e re d  when f u l l y  e v a l u a t i n g  th e  e f f e c t s  of r e l a t i v e  h u m id i ty  on 

a i r b o r n e  Japan  305/57 in f l u e n z a  v i r u s 0

j The f i n d i n g s  observed  a r e  based  on a s p ra y  su sp en d in g  medium of 

u n d i l u t e  a l l a n t o i c  f l u i d  and a c o l l e c t i o n  medium of b r a i n  h e a r t  i n f u ­

s io n  b r o t h e I t  would have been  i n t e r e s t i n g  to  e s t a b l i s h  w hether  or n o t  

o th e r  su sp en d in g  and c o l l e c t i o n  m e n s tru a  would have g iv e n  th e  same r e ­

s u l t s  e Such e x p e r im en ts  would have i n d i c a t e d  w h e th e r  th e  s t a b i l i t y  of 

a e r o s o l i z e d  Jap an  305/57 i n f l u e n z a  v i r u s  observed  in  t h i s  s tu d y  r e p r e ­

s e n t  a t r u e  p r o p e r ty  o f th e  v i r u s ,  o r  th e  added in f l u e n c e  o f  th e  medium 

su r ro u n d in g  th e  v i r a l  p a r t i c le ®

The e p id e m io lo g ic  im p l i c a t io n s  o f  th e s e  o b s e r v a t io n s  on A sian  

in f lu e n z a  v i r u s ,  as . w e l l  as  th o se  of D unk lin  and. Puck (5 )  on b a c t e r i a ,  

may w e l l  be important® I t  seems l i k e l y  t h a t ,  in  m ost en v iro n m en ts ,  

g r e a t e r  numbers o f th e  i n f e c t i v e  a g e n ts  d i s p e r s e d  from th e  r e s p i r a t o r y  

t r a c t  a r e  d e s t ro y e d  th a n  s u r v iv e ,  and many f a c t o r s  u n d o u b te d ly  p la y  a



r o l e  i n  t h i s  p r o c e s s .  The r e s u l t s  o f t h i s  s tu d y ,  a lo n g  w i th  many 

o th e r s ,  s t r o n g l y  s u g g e s t  t h a t  r e l a t i v e  h u m id i ty  i s  one of th e  more im 

p o r t a n t  e n v iro n m en ta l  f a c t o r s  in  d e te rm in in g  th e  s u r v i v a l  o f  r e s p i r a ­

to r y  v i r a l  a g e n ts  i s s u i n g  from an i n f e c t e d  h o s t .



SUMMARY

The e f f e c t s  o f  r e l a t i v e  h u m id i ty  on the  i n f e c t i v i t y  of a i r b o r n e  

Japan  305/57 in f l u e n z a  v i r u s 5, type  A29 w ere s tu d ie d  in  an  environm en­

t a l l y  c o n t r o l l e d  r o t a t i n g  drum cham bere A ero so ls  were g e n e ra te d  from 

a l l a n t o i c  f l u i d  a t  r e l a t i v e  h u m id i t i e s  o f  25%, 40%, 55%, and 80%,

The i n f e c t i v i t y  of J ap an  305/57 in f l u e n z a  v i r u s  a e r o s o l s  was 

d e te rm ined  by th e  a b i l i t y  o f  th e  v i r u s  p a r t i c l e  to  p roduce  h e m a g g lu t in ­

in s  in  em bryonated e g g s .  The i n f e c t i v i t y  of th e  t e s t e d  v i r a l  a g e n t  i s  

g r e a t l y  in f lu e n c e d  by r e l a t i v e  h u m id i ty .  H ig h e s t  v i r a l  i n f e c t i v i t y  was 

no te d  a t  th e  lo w es t  r e l a t i v e  h u m id i ty  and lo w es t  v i r a l  i n f e c t i v i t y  a t  

th e  h i g h e s t  r e l a t i v e  h u m id i ty .

The r e s u l t s  o f th e s e  ex p e r im en ts  compare w i th  th e  f in d in g s  of 

o th e r  w orkers  who have s tu d ie d  in f l u e n z a  v i r u s ,  type  A, I t  i s  t h e r e ­

f o r e  concluded  t h a t  r e l a t i v e  h u m id ity  a f f e c t s  th e  p r o to ty p e  A sian  

s t r a i n  of in f l u e n z a  v i r u s  much the  same as  i t  does type  A in f lu e n z a  

v i r u s  s t r a i n s ,
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