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Summary 

Influenza A virus, strain WSN~, propagated in bovine, human and chick 
embryo cell cultures and aerosolized from the cell culture medium, was maximally 
stable at low relative humidity (I~H), minimally stable at mid-range RH,  and 
moderately stable at high RH. Most lots of WSNg virus propagated in embryonat-  
ed eggs and aerosolized from the allantoic fluid were also least stable at mid-range 
RH,  but two preparations after multiple serial passage in eggs showed equal 
stabihty at mid-range and higher RH's .  Airborne stability varied from preparation 
to preparation of virus propagated both in cell culture and embryonated eggs. 
There was no apparent  correlation between airborne stability and protein content 
of spray fluid above 0.1 mg/ml, but  one preparation of lesser protein concentration 
was extremely unstable at 50 to 80 per cent RH. Polyhydroxy compounds exerted 
a protective effect on airborne stability. 

Introduction 

Survival of influenza virus in the airborne state has broad implications both 
in transmission of disease and aerogenic immunization with live virus. Previous 
studies on airborne survival of influenza have employed virus propagated and 
titered in embryonated eggs. The availability of cell culture systems for propaga- 
tion and assay of certain strains of influenza now permits comparative aerosol 
studies of virus propagated in different host systems. I t  has been stated as a 
generalization that  enveloped viruses, including influenza, which contain structural 
lipids are more stable at low relative humidity (RH) than at high~ and tha t  the 
opposite~ maximal stability at  high RH~ holds for ether resistant viruses (9). 
Published data on the effect of R H  on airborne influenza agree with this gener- 
alization, hut  there is a lack of agreement on survial at mid-range R H ;  some 
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repor t s  indicate  a t rans i t ion  between low and  high inac t iva t ion  ra tes  a t  mid- range  
(11, 12, 14) bu t  others  r epor t  min ima l  s t ab i l i t y  a t  mid- range  (15, 20). Of var ious  
factors  affect ing surv iva l  of a i rborne  viruses, R H  and composi t ion  of the  sp ray  
med ium are considered to be of ma jo r  impor t ance  (1, 2, 4, 9). Among  media  
components  and  addi t ives  t h a t  m a y  affect surv iva l  of a i rborne  viruses,  salts,  
prote ins ,  and  p o l y h y d r o x y  compounds  have  received a t t en t ion  (3, 4, 12, 19, 22). 

W e  in i t i a t ed  this  s t u d y  to de te rmine  if host  cell source was among factors  
inf luencing surv iva l  of a i rborne  influenza virus.  I f  surv iva l  were host  cell depend-  
ent,  v i rus  from m a m m a l i a n  cell cultures,  and  pa r t i cu l a r ly  h u m a n  cells, might  be 
more typ ica l  of the  agent  responsible  for contagious influenza t h a n  is egg-passaged 
virus.  I t  is also conceivable t h a t  hos t  cell effects on surv iva l  would be i m p o r t a n t  
in a n y  po ten t i a l  use of l ive vi rus  for aerogenic immuniza t ion .  W e  have  examined  
the influence of R H  on a i rborne  surv iva l  of numerous  suspensions of inf luenza A 
virus  s t ra in  W S N m  p r o p a g a t e d  in e m b r y o n a t e d  eggs, p r i m a r y  chick embryo  
cell culture,  as well as bovine and h u m a n  cell cul ture  lines. This app roach  p e r m i t t e d  
us to observe va r ia t ion  among different  host  systems,  pa r t i cu l a r ly  wi th  reference 
to ins t ab i l i ty  a t  mid- range  t~H. Effects  of p ro te in  concentra t ion ,  d ia lyzab le  
mater ia l s  and  p o l y h y d r o x y  compounds  were also examined.  

Materials and Methods 

Cells and Virus 
A subline of MDBK cells highly susceptible to influenza virus (7) was kindly 

provided by  P. VV. Choppin. The clone 1--5C-4 Chang human conjunctivM cell Hne 
(16) was obtained from the American Type Culture Collection. Pr imary  chick embryo 
cells were prepared from whole minced l l - d a y  embryos. The seed stock of cell culture- 
adapted WSN strain of influenza, designated WSNH (23), was kindly provided by 
P. H. Duesberg. After three passages in MDBK cells, a stock virus pool, designated 
0-31, was prepared in MDBK cells. Unless otherwise stated, subsequent preparat ions 
were made employing 0-31 as inoculum. A plaque purified stock was prepared after 
two passages in 1--5C-4 cells. An isolated plaque on 1--5C-4 cells was picked and 
replaqued. Virus from the second plaque was passed twice in 1 5C-4 cells to form the 
plaque purified pool. 

Propagation o/ Virus 
Confluent cell culture monolayers in 16-oz prescription bottles or roller bottles 

were washed with MEM or Dulbecco's phosphate buffered saline (PBS) and inoculated 
with a low mult ipl ici ty (0.002--0.01 PFU/cell)  of WSNtt  virus. After 1 hour adsorp- 
tion, MEM was added to the infected mammalian cells and MEM with 0.I per cent 
bovine serum albumin was added to the chick embryo cells. Incubation was at 37 ° C 
and virus was harvested at the peak of cytopathic effect, usually the 4th day for 
MDBK cells and the 2nd day postinoculation for I--5C-4 and chick embryo cells. 
Eleven-day-old embryonated hens' eggs were inoculated with 0.I ml dilute virus 
(i:i000) via the allantoic cavity and allantoic fluids were harvested after 2 days 
incubation at 37 ° C. Storage of virus pools was at --70 ° C. 

Virus Assay 
A modification of Kilbourne 's  (16) plaque assay technique in 1--5C-4 cells was 

employed. Prescription bottles (3-oz) were mounted in racks (21) for ease of handling 
including removal of a soft overlay (0.3 per cent Ionagar No. 2) and staining with 
crystal  violet. Duplicate bott les a t  half-log dilutions were employed with 0.3 ml 
inoculum per bottle. Guinea pig or chicken red blood cells were employed in hem- 
agglutination (HA) t i trations.  
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Protein  Determinat ion 

The  m e t h o d  of Low~¥ et al. (18) was used  to d e t e r m i n e  p ro t e in  in  clarif ied a l lan to ie  
f luids a n d  t r i ch lo raee t i e  acid p rec ip i t a t e s  of cell cu l tu re  fluids. 

Aerosol Procedures 

Virus  h a r v e s t e d  f rom in fec ted  cell cu l tu re  f lu id  or clarif ied (10,000 × g, 10 minu t e s )  
a l lan to ie  f luid was aerosol ized in a Wells  re f lux ing  a tomize r  ope ra t ed  for 6 m i n u t e s  a t  
10 p o u n d s / i n c h  2 w i t h  a n  effect ive  o u t p u t  of 0.025 m l / m i n u t e  (10). The  v i rus  suspens ions  
were e m p l o y e d  w i t h o u t  ditu~ion or addRives  excep t  as no ted .  E a c h  r u n  cons is ted  of 
two aerosols  he ld  s i m u l t aneous l y  a t  21 o C in  208-1Rer dua l  s t i r red  se t t l ing  c h a m b e r s  
(6). E a c h  r u n  e m p l o y e d  e i the r  a single v i rus  p r e p a r a t i o n  a t  two d i f fe rent  R H  levels,  
or d i f fe ren t  p r e p a r a t i o n s  or add i t ives  a t  a single R H .  Samples  were  t a k e n  at. 1, 15, 30, 
a n d  60 m i n u t e s  pos t -ae roso t iza t ion  w i t h  AGI-30  impinge r s  o p e r a t e d  for t m i n u t e  (Mr 
sample  v o l u m e  12.5 l i ters).  I m p i n g e r  f luid was 20 ml  m e d i u m  MEM wi th  0.1 per  cen t  
D e w  Corning  a n t i f o a m  B. There  was no  sigmifieant i n a c t i v a t i o n  of v i rus  in  e i the r  t he  
a tomize r  or imp inge r  fluids. 

Presentat ion oj Data  

D a t a  f rom each  aerosol r u n  ( two chamber s )  was  p lo t t ed  on  semi loga r i thmic  p a p e r ;  
a n  example  is s h o w n  in F igu re  1. Theore t i ca l  1O0 pe r  cen t  r ecove ry  was ca lcu la ted  
f rom ave rage  a t o m i z e r  t i t e r ,  t h e  effect ive  o u t p u t  of t he  a tomizer ,  t he  vo lume  of t h e  
ho ld ing  c h a m b e r ,  a n d  t h e  v o l u m e  of aerosol s amp led  b y  t he  impinger .  P e r c e n t a g e  
r ecove ry  was ca l cu la t ed  f rom p laque  c o u n t s  in  dup l i ca t e  bo t t l e s  a t  half - log d i lu t ions ,  
a n d  t he  resu l t s  a t  each  d i lu t ion  (usual ly l imi ted  to p l aque  coun t s  be tween  10 a n d  
60 pe r  bo t t l e )  were p l o t t e d  as a po in t  on t he  g raph .  A p p r o p r i a t e  cor rec t ions  were 
app l ied  for  r e m o v a l  a n d  r e p l a c e m e n t  of Mr d u r i n g  a n y  p rev ious  sampl ing ,  b u t  no  
eor ree t ion  was  app l ied  for  phys ica l  decay  of t h e  aerosol,  w h i c h  was on ly  a b o u t  10 per  
een t  in  one h o u r  (J .  HEBERT, persona l  communica t ion ) .  The  bes t  f i t  was  e s t i m a t e d  b y  
eye, a n d  t h e  ha l f - t imes  (t ½ ,  t he  t i m e  requ i red  for r ecove ry  to deerease  b y  a fac to r  of 2) 
were  e s t i m a t e d  f rom t h e  l ines t h u s  d rawn .  The  1 5 - - 6 0  m i n u t e  l ine  was e x t r a p o l a t e d  
b a c k  to  zero t i m e  to  p rov ide  a n  e s t i m a t e  of t h e  v i ra l  p o p u l a t i o n  e x h i b i t i n g  long  t e r m  
su rv iva l  cha rac te r i s t i c s ;  th i s  was  des igna t ed  " s e c o n d a r y  su rv iva l " .  Fo r  t a b u l a r  
s u m m a r i z a t i o n  (Tables 1 a n d  2) we used  t he  r ecove ry  a t  1 m i n u t e  a n d  t he  s econda ry  
su rv iva l ,  b o t h  expressed  as pe rcen tages  of eMeula ted  inpu t ,  a n d  t h e  ha l f - t imes  for 
t he  1 - - 1 5  a n d  1 5 - - 6 0  m i n u t e  in te rvMs.  F o r  g raph ica l  s u m m a r i z a t i o n  (Fig. 2) t he  1, 
15, a n d  60 m i n u t e  po in t s  f rom t he  bes t  fi t  l ines were used.  
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Fig. 1. E x a m p l e  of a n  aerosol  r u n  showing  recovery  of in f luenza  v i rus  a t  va r ious  t imes  
a t  two  RI-I levels,  Allasatoie f h u d  p r e p a r a t i o n  4---14 was  aerosol ized a n d  he ld  a t  
50 a n d  70 pe r  cen t  R H  in  pa i r ed  chamber s .  Tigers in  t h e  a t o m i z e r  f lu id  were  

5.6 X l07 P F U / m l  before  a n d  4.6 × 107 P F U J m l  a f te r  ae roso l iza t ion  
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Results 

Influence o/RH; Variability among Preparations 

An example of a typical aerosol run with WSN~ influenza virus is presented 
in Figure 1. A lower recovery of virus at  one minute, and a more rapid inactivation 
thereafter was observed at  50 per cent R H  than at 70 per cent RI-I for that  partic- 
ular preparation propagated in embryonated eggs. The data suggest biphasic (or 
multiphasie) inactivation kinetics. The first phase(s) was a rapid initial loss of 
infectivity during drying and equilibration of the newly formed airborne droplets 
with the surrounding air. The final phase was a slower long term inactivation rate. 
In  Figure 1 the recovery in the one-minute sample (which actually encompassed 
the period of one to two minutes after termination and six to seven minutes after 
initiation of aerosolization) was above the extrapolated secondary survival level; 
this resulted in a steeper slope between 1 and 15 minutes compared to the 15 to 
60 minute slope. Most other, but not all, aerosol runs showed a similar relationship. 

Figure 2 represents graphical comparisons of WSN~ propagated in two mam- 
malian cell lines, pr imary chick embryo cell culture and embryonated eggs. These 
results illustrate our general findings of maximum survival at low RH, minimum 
survival at  mid-range I~H and moderate survival at high RH.  There appeared 
to be differences among the various host sources as to the P~H of minimum survival, 
but the validity of these differences becomes uncertain when additional prepara- 
tions (not shown) are considered. For example, minimum stability at  50 per cent 
RI-I was characteristic of those MDBK preparations shown in Figure 2A, but 
results with a different preparation showed lower survival at 40 per cent than 
at 50 per cent RH. Similarly, some preparations from 1--5C-4 cells showed least 
stability at  about 50 per cent R I t  where~s the example in Figure 2B was highly 
sensitive at 40 per cent RH, and the plaque purified preparations were least stable 
at 60--70 per cent R H  (Fig. 2E). Variability in percentage recovery also was 
observed; for example, several egg-propagated preparations showed recoveries 
approximating i00 per cent at  low I~H values as compared to approximately 
20 per cent in the example shown in Figure 2 C. Scatter diagrams were prepared 
from pertinent data  obtained in approximately 130 sets of observations (65 two- 
chamber runs) to seek indications of difference in survival at tr ibutable to host 
source. The diagrams for each of the four parameters  (recovery at 1 minute, 
secondary survival, t ~2 1--15 minute, t ~ 15--60 minute) and for each host source 
showed minimal survival in t~H midrange (40--60 per cent RH). However, the 
wide scatter of points made statistical evaluation impractical. This wide scatter 
could be interpreted only as variability among different preparations of virus 
since consistency was observed upon repeated runs with the same preparation 
and within paired runs with different preparations. 

The plaque purified stock was employed in an a t tempt  to assess the role of 
genetic heterogeneity in the variable response to RH.  The results failed to impli- 
cate genetic heterogeneity, but  did raise several points of interst. Whereas plaque 
purified stock passaged in embryonated eggs yielded R H  survival patterns typical 
of other stocks (Fig. 2F), a parallel passage in 1--5C-4 cells (preparation 4--10) 
yielded atypical pat terns and was unique among all our WSN~ preparations. 
I t  was highly unstable at  mid- and high-range R I t  (50--80 per cent). Recoveries 
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a t  one minu te  were 1 per  cent  or less, and  vi rus  was ra re ly  de t ec t ab le  in l a te r  
samples.  I n  the  20- -40  per  cent  R H  range,  however,  p r epa ra t i on  4 - - 1 0  behaved  
in a t yp i ca l  manner .  (This p r e p a r a t i o n  was also unique in i ts low content  of 
prote in .  See nex t  section). P rogeny  v i rus  from p repa ra t i on  4 . - 1 0  ob ta ined  b y  
fur ther  passage in t - - 5  C-4 cells showed a more  typ ica l  p a t t e r n  of survival ,  as d id  
a p r e p a r a t i o n  p r o p a g a t e d  in 1 - -5C-4  cells a f te r  one passage in e m b r y o n a t e d  eggs 
(both shown in F igure  2 E). 
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Fig. 2. Survival of "WSN~ influenza virus from various sources as a function of t~H. 
Virus propagated in: A, MDBK cells; B, 1--5C-4 cells; C, embryonated  eggs; D, pri- 
mary  chick embryo cells. Virus from plaque purified stock propagated in: E, 1--5C-4 
cells; F, embryonated eggs. One minute, 15 minutes, and 60 minutes recoveries are 
shown as circles, squares, and triangles, respectively; open, closed, and half-filled 

symbols represent different preparations 

All  p repa ra t ions  of W S N ~  virus  p r o p a g a t e d  in cell cul ture  showed grea ter  
surv iva l  a t  high R H  tlhan a t  m i & r a n g e  (excluding 4 - -10 ,  where low recoveries 
p rec luded  quan t i t a t i ve  comparison) .  Minimal  surv iva l  a t  midrange  was no t  a 
consis tent  f inding among  al l  p r epa ra t i ons  of W S N g  virus  f rom eggs. Table  1 
presents  a s u m m a r y  of all  a l lan to ie  f luid p repa ra t i ons  for which surv iva l  d a t a  
in pa i r ed  chambers  a t  50 and  70 per  cent R I t  exist .  Most  of the  p repa ra t ions  
showed evidence of mid- range  ins tab i l i ty ,  i .e.,  lower recoveries a t  50 per  cent  

A r c h ,  V i r o l .  5 1 / 4  18  
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t h a n  a t  70 per  cen t  R H .  I n  no  i n s t ance  whe re  t he se  two  R H  levels  were  c o m p a r e d  

in t he  same  r u n  was t he r e  g rea t e r  s u r v i v a l  a t  50 per  cen t  R H .  H o w e v e r  in two  

p r e p a r a t i o n s ,  2 - - 7  and  3 - - 3 5 ,  recover ies  were  a p p r o x i m a t e l y  equa l  a t  50 a n d  

70 pe r  cent .  These  two  p r e p a r a t i o n s  r e p r e s e n t e d  t h e  f o u r t h  a n d  f i f th  ser ial  passages  

in e m b r y o n a t e d  eggs,  suggesting- t h a t  ser ial  p r o p a g a t i o n s  in  th is  hos t  m a y  a l t e r  

t h e  R H  s t ab i l i t y  s p e c t r u m .  The re  was no  ev idence  for  this ,  howeve r ,  a t  t he  second  

or t h i r d  egg passage  l eve l  in seve ra l  o the r  series.  The re  was  no obv ious  co r r e l a t i on  

b e t w e e n  r e l a t i v e  s tab i l i t i es  a n d  p r o t e i n  con ten t ,  in i t i a l  i n f e c t i v i t y  t i te rs ,  H A  

t i te rs ,  a n d  w h e t h e r  or  n o t  t h e  s t ock  was p l a q u e  pur i f ied .  

Table  1. Comparison o/ airborne survival at 50 and 70 per cent RH o/preparations o/ 
W S N  H influenza virus propagated in embryonated eggs 

Hal f  ~imes, 
Egg  l~ecov- See- t ½ ,  rain. 
pas- Pro- t I A  cry ondary  

Prep- sage rein i PFU/ at sur- I to 15 to 
ara t ion  num- mg/  _ _  ml R H  1 rain. v iva t  15 rain. 60 min.  
n u m b e r  ber  ml  diln. X t0 6 % % O/o in te rva l  in terva l  

2 - - 7  4 1.4 256 12 50 28 14 8 23 
70 26 13 8 23 

2 - -26  t 1.0 32 135 50 13 13 25 25 
70 t6 16 40 40 

3 - -25  5 1.5 64 28 50 30 18 i l  24 
70 27 23 17 22 

4- -11  (p)a 1 0.6 ND b 17 50 16 17 9 9 
70 23 23 19 19 

4 - -14  2 1.0 64 51 50 ~ t 7 16 
70 6 5 17 31 

4 - -15  2 1.2 N D  12 50 13 11 7 8 
70 20 16 17 31 

4 - -16  (P) 2 0.9 ND 1.5 50 10 NE° 10 N E  
70 i8 19 15 15 

4 - - t 9  1 0.9 32 44 50 15 7 9 26 
70 18 16 16 23 

4 - -20  2 1.5 64 34 50 16 8 10 21 
70 25 20 13 20 

4- -21  (P) 2 0.5 32 6.7 50 4 2 8 12 
70 6 5 t2 16 

4 - -22  3 1.5 32 11 50 26 8 7 18 
70 34 20 13 32 

(P) F r o m  plaque purif ied s tock 
b N D  N o t  done 
e N E  Not  e s t i m a b l e - - r e c o v e r y  too low at  60 minutes  

E//ects o /Suspending  Fluids and Additives on Airborne Stability 

P r o t e i n  c o n t e n t  of m o s t  of t h e  W S N H  in f luenza  v i ru s  p r e p a r a t i o n s  was meas-  

u r e d  to  d e t e r m i n e  if a r e l a t i onsh ip  ex i s t ed  b e t w e e n  t o t a l  p r o t e i n  a n d  a i r b o r n e  
su rv iva l .  P r o t e i n  c o n t e n t  of t h e  a l l an to i c  f lu ids  v a r i e d  f r o m  a p p r o x i m a t e l y  0.5 to 
1.5 m g / m l  w i t h  no  co r re l a t ion  w i t h  a i rbo rne  s u r v i v a l  (Tab le  1). To  assure  cell  

s u r v i v a l  a,nd v i rus  yie ld ,  0.1 pe r  c e n t  b o v i n e  s e r u m  a l b u m i n  was  p r e s e n t  in  t h e  
m e d i u m  du r ing  v i ru s  p r o p a g a t i o n  in p r i m a r y  ch ick  cells, e f fec t ing  a p r o t e i n  
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c o n c e n t r a t i o n  of a p p r o x i m a t e l y  1 m g / m l .  P r o t e i n  c o n t e n t  of m o s t  M D B K  a n d  

1 - - 5 C - 4  cell  p r e p a r a t i o n s  (where  a d d e d  s e r u m  or  a l b u m i n  was  n o t  n e e d e d  fo r  

good  v i ru s  y ie ld)  r a n g e d  f r o m  0.14 to  0.32 m g / m l .  N o  co r r e l a t i on  b e t w e e n  p r o t e i n  

c o n t e n t  of t hese  cell  cu l tu re  p r e p a r a t i o n s  a n d  a i rbo rne  s u r v i v a l  was  a p p a r e n t .  I n  

c o n t r a s t  to  al l  o t h e r  cell  cu l tu re  p r e p a r a t i o n s ,  t h e  h i g h l y  u n s t a b l e  p l a q u e  pu r i f i ed  

p r e p a r a t i o n  4 - - 1 0  h a d  a l ow p r o t e i n  con t en t ,  75 ~g /ml .  A i r b o r n e  s u r v i v a l  of th is  

Table  2. E//eets o/additives on airborne survival o] W S N ~  influenza virus 

Prepara t ion  
and source 

Half- t imes,  
]~ecov- Sec- t 1/2, min.  
cry ondary  
a t  sur- 1 to J5 to 

RH 1 min.  v iva l  15 min.  60 min.  
°/o Addi t ives  % % in te rva l  in te rva l  

1 - -95  MDBI~ 50 6% Inosi tol  34 22 26 > 60 
M E M  5 5 22 22 

3 - -22  A F  50 6 % Inosi to l  23 23 > 60 > 60 
MEM 48 27 11 19 

0 - -31  M D B K  70 6% Inosi tol  10 N E  a 10 N E  
MEM 50 45 14 18 

1- -95  M D B K  80 6% Inosi tol  3 3 20 20 
MEM 26 18 17 47 

0 - -31  M D B K  20 6~o Inosi tol  30 15 13 > 60 
MEM 50 50 > 60 > 60 

0 31 M D B K  50 6% Sucrose 32 32 > 6 0  > 6 0  
0 .6% Sucrose 28 20 16 42 

4 - - 3  CF 50 30/0 Sucrose 25 10 7 22 
MEM 7 1 4 15 

4 3 CF 50 3% Sucrose 40 7 5 45 
3% Glucose 10 2 6 33 

3 - -13  1 - -5C-4  40 3% Sucrose 10 9 24 56 
MEM 6 N E  N E  N E  

4 - -11  (P)~ A F  50 3% Sucrose 18 I8 > 6 0  > 6 0  
MEM 4 N E  6 N E  

4 11 (P) A F  80 3% Sucrose 13 13 29 29 
MEM 10 10 24 24 

0 - -31  M D B K  70 3% Sucrose 18 9 10 31 
MEM 16 7 10 43 

4 - - 1 4  A F  20 3% Sucrose 32 13 16 > 6 0  
MEM 19 19 38 38 

3 - -13  1 - -5C-4  20 3~o Sucrose 60 60 > 6 0  > 6 0  
MEM 40 40 48 48 

1 - -94  M D B K  50 6 ~o Sucrose 20 20 > 60 > 60 
DMSO c 12 9 16 29 

4 10 (P) L--5C-4 50 3°/0 Sucrose 2 N E  N E  N E  
None a 1 N E  N E  NE 

4- -10  (P) 1- 5C-4 70 30/0 Sucrose 8 2 6 28 
None  a 1 N E  N E  N E  

a N E  N o t  es t imable  
b (p) F r o m  plaque  puri f ied s tock 
c D ime thy t  sulfoxide 
a Data taken from other runs; the 50 and 70 per cent RH data for 4--10 were from 

a single paired run 

18" 
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preparation at 50 per cent g H  was appreciably enhanced by the addition of 
0.3 mg/ml bovine serum albumin (3 per cent recovery at 1 minute, I per cent 
secondary survival, and half-times of 9 and 22 minutes for the 1--15 and 15 to 
60 minute intervals respectively). Adjustment of protein concentration of other 
preparations was not systematically studied, but in connection with other tests, 
dilution with an equal volume of PBS or medium MEM was employed. No effect 
was noted upon dilution of allantoic fluids or of a high protein content (0.32 mg/ 
ml) 1--5C-4 ceil preparation, whereas virus recoveries were low in one run with 
a low proteir~ content (0. t4 mg/mt prior to dilution) 1--5C-4 preparation. Thus, 
a protein concentration less than 0.i mg/ml appeared to adversely affect stability 
of WSN~ influenza virus at high and mid-range RH. 

The possibility that pH or low molecular weight components present in 
allantoic fluid or in cell culture medium had an effect on airborne survival was 
tested. No attempt was made to grossly alter NaC1 concentration. Dialysis of 
either allantoie fluid preparations or celI culture preparations against PBS lacking 
Ca and Mg appeared to slightly enhance airborne stability at, mid-range g H  in 
some cases, and have no effect in others. Restoration of Ca and Mg concentrations 
to those in cell culture medium had no appreciable effect. Adjustment of pH of 
allantoic fluid, initially 8.2, downward to 6.8 or 7.2, or upward to 8.8 or 9.1 prior 
to aerosolization had no appreciable effect on stability at 50 per cent gH .  

Inositol has been reported to increase stability of certain airborne viruses 
(3, 4, 22). We found that inositol at a concentration of 6 per cent stabilized WSN~ 
influenza at 50 per cent RH. However, it enhanced inactivation at high I%H and 
had little effect at low RH (Table 2). Sucrose at mid-range t~H was equally or 
more effective than inositol. In  contrast to inositoI, sucrose had no deleterious 
effect at high RH and appeared to have a slightly protective effect at low RH. 
In single tests, glucose was less effective than sucrose at the same concentration, 
and dimethylsulfoxide did not exert an appreciable stabilizing effect. Sucrose 
added to the highly unstable preparation 4--10 showed a detectable protective 
effect at 70 per cent l%H but not ~t 50 per cent. 

Discussion 

i t  is common practice in assessing I%H effect on survival of airborne viruses 
to perform a series of tests on a single pool of one virus, or to compare results 
on single pools of each of two or more different viruses. Such practice yields rather 
complete information relative to those particular pools, but may fail to reveal 
differences among different stocks of the same virus. Such differences are readily 
apparent in our study employing many different preparations of a single virus. 
Thus, conclusions regarding airborne stability of a virus species or a group of 
related viruses based on studies with a single preparation appear nnwarranted. 
Such results are useful, however, in relation to broad generalizations such as 
greater stability at tow g H  than at high RH. Our results are compatible with 
that  generalization as applied to influenza virus; however, some preparations 
showed nearly equal survival at  g H  extremes (Fig. 2A, D). Our observation that  
some preparations of WSNg influenza virus from embryonated eggs showed a 
transitional pattern of survival at mid-range while many others showed minimal 
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survival at mid-range may explain the conflicting reports of transitional (11, 12, 
14) and minimal (15, 20) mid-range survival of influenza virus. 

A paucity of information is available regarding effects of host or passage 
history on airborne survival of viruses. ItEAR• and eoworkers (13) noted that  
yellow fever virus exhibited a shift to greater sensitivity at 50 per cent RH upon 
multiple passage in HeLa cell cultures. WSN~ influenza which had multiple 
passages in mammalian cells showed maximal sensitivity at mid-range R t t ;  some 
evidence for loss of this mid-range sensitivity upon subsequent multiple passage 
in embryonated eggs was observed. Structural ]ipids of viruses have been implicat- 
ed as a major factor in determining stability in aerosols (4, 9), and structural 
lipids of influenza viruses are known to vary with species of host cell (8). Other 
host-related structural factors in influenza viruses are a variety of surface prop- 
erties (5), a carbohydrate antigen (8), and cleavage of the hemagglutinin poly- 
peptide by proteolytie enzymes (17). With regard to the latter, a preliminary 
experiment indicated no relation to airborne stability; an embryonated egg 
preparation of WSN~ exhibiting instability at 50 per cent RH, and one that  was 
relatively stable, had essentially identical patterns of HA subunits upon poly- 
aerylamide gel electrophoresis. Our observations make it clear that large variations 
in stability can occur among different preparations of a single strain of influenza 
virus. Because the variations among different preparations from one host source 
overlap those of another we cannot definitively conclude that  the species of host 
cell plays a major role in airborne stability. 

Composition of the medium from which an aerosol is generated grossly affects 
airborne stability of viruses (1, 2, 3, 4, 9, 12, 19, 22). These effects must ultimately 
relate to the structure of the virion or its genome. They may directly (in relation 
to considerations in the preceding paragraph) or casually (in the experimenter's 
choice of culture conditions or manipulation of media) relate to the host source. 
Concentration of dissolved solids affect the size of airborne particles and both the 
quanti ty and nature of the solids affect the degree of hydration at any given t~H 
(10). A factor having a marked effect on airborne survival of viruses, namely salt 
content (3, 4, 12), was avoided in our studies by :maintaining approximately 
physiologic levels of salts. I t  is common practice in virus aerosol studies to employ 
suspensions with relatively high protein content, either from additives or from 
serum in the growth medium. In some studies protein eontent has received 
attention in relation to airborne stability (3, 4, 12, 19). BESBOUG~ (3, 4) reported 
that  removal of protein from Langat and Semliki Forest virus suspensions greatly 
reduced airborne survival at. high I~H. Our results suggest that  a critical level of 
protein (approximately 0.1 mg/ml) in the aerosolized fluid appreciably affected 
airborne stability characteristics of WSNH influenza. Shifts in pH of about 1 unit, 
and dialysis against PBS to remove low molecular weight components reveMed 
no appreciable changes in airborne stability. Similarly, addition of normal allantoic 
fluid to cell culture preparations had no effect. Since the composition of allantoic 
fluid from infected eggs probably differs from that  from uninfected eggs, we 
considered the possibility that  some protective substances may  have been present 
in those preparations not exhibiting minimal survial at  mid-range g H .  Experi- 
ments employing ultraviolet treated preparations were inconclusive but  suggestive 
that  some protective material may have been present. 
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Po lyhydroxy  compounds have been reported to exert  a. protective effect on 
airborne virus s tabi l i ty,  and  their  relat ion to the state of hydra t ion  has been 
discussed (3, 4, 22). We confirmed the protective effect of inositol a t  mid-range 
RH,  bu t  found i t  to be deleterious at  high I~H. Sucrose, on the other hand,  was 
equal ly  or more protect ive t h a n  inositol, and  showed no such deleterious effect. 
The reason for this difference was no t  apparent ,  bu t  the difference in molecular 
size may  have played a role. 

I t  is obvious from the work of others, and  extended by  our own, t ha t  m a n y  
complicated and  sometimes interrelated factors are involved in survival  of a irborne 
viruses. Different technical  approaches employed by  various invest igators  make 
comparisons difficult. Fur ther ,  by  their nature ,  the methods and  techniques 
employed in the labora tory  create condit ions which are artificial in relat ion to 
ac tua l  a irborne t ransmiss ion of disease, efficacy of aerogenic immuniza t ion ,  and  
labora tory  biohazards. Thus,  generalizations and  extrapolat ions to other virus 
systems mus t  be viewed with these complexities in mind.  
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