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INTRODUCTION. 

In endemic areas the morbidity of many  virus diseases shows a 
pronounced seasonal variation. For influenza and poliomyelitis this 
is especially true in moderate climates. In  the Netherlands polio- 
myelitis is a "summer disease" and the difference between highest 
and lowest morbidi ty is ahnost a factor fifty (Fig. 1) which is much 
more than for most bacterial diseases. For influenza, which is a 
"winter disease" the variations are of the same order. Since no 
satisfactory explanation of these opposite seasonai variations has 
been given a closer examination of this problem seemed worth 
while. 

Environmenta l  factors play an important  part  in the spread of 
virus diseases. In those respiratory infections which spread mainly 
or par t ly  by  droplet nuclei the survival of the virus in the airborne 
state is obviously important.  

Influenza is a disease which spreads at least par t ly  by  droplet 
nuclei. Atmosferic influences on the survival of influenza virus in 
the airborne state might be a possible explanation of the seasonal 
variat ion in this case. 

Poliomyelitis may  be spread by faeces or by pharyngeal  secre- 
tations. In  proportion to the decline of faecal contamination as a con- 
sequence of sanitary measures, the respiratory tract  and mouth  

1) Present address: Landslaboratorium voor de Volksgezondheid, *vViUem- 
stad, Curagao. 
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M e a n  n m n b e r  o f  c a s e s  r e p o r t e d  p e r  w e e k  i n  t h e  N e t l l e r l a n d s .  P o l i o m y -  

elitis (1946-1957):e ; Typhoid fever (1948-1957): x.  

become more impor t an t  as sources of infection. In  countr ies  with 
poor san i ta ry  condit ions pol iomyel i t is  will p robab ly  spread main ly  
with faeces and seasonal var ia t ion  is general ly  absent .  In  areas with 
be t t e r  s t andards  of hygiene spreading b y  air or by  oral contac t  m a y  
be more impor tan t .  I t  is in teres t ing tha t  more pronounced  seasonal  
var ia t ions  in morb id i t y  are general ly  found in countr ies  of the  la t -  
ter  group. Consequent ly  cl imatological  influences on the surv iva l  
of a i rborne pol iomyel i t is  virus might  be a cause of seasonal  var ia-  
tions. 

Fu r the rmore  the  influence of atmosferic  condit ions on the surv iva l  
of virus in the d ry  s ta te  - in dus t  and  on con tamina ted  objects  - 
might  be comparab le  to tha t  on a i rborne virus, as i t  is for s trep-  
tococci (LIDwELL and Low~uR'z, 1950). The same reasoning might  
be appl ied  to other  enteroviruses.  
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Considering all this experiments were started about the influence 
of temperature and humidi ty  on the survival of influenza virus and 
poliomyelitis virus in aerosols. 

A preliminary report has already been published (HExIMES et 
al., 1960). 

~I[ATERtAI.S AND METHODS. 

The experimental method used was identical to that  used to test 
bacterial aerosols (HE~[MES, 1959). 

A e r o s o l  p r o d u c t i o n .  Virus suspensions were atomized 
from an all-glass, indirect type spray. The mean size of aerosol 
droplets 5 cm in front of the outlet was 5-6 /~, while 90% had a 
diameter < 8 ~L. Particle size was determined by trapping the drop- 
lets on a slide coated with a vaseline-oil mixture (FucI-tS and PE- 
"rRJANOFF, 1937). The mean output  of virus suspension was 54 mg 
per minute. 

S t o r a g e  s y s t e m .  Since we were especially interested in 
long term survival of the viruses a static system was used. The 
volume of the test room was 4 m a. 

Air was circulated by an electric fan. The settling rate for the 
relatively big droplet nuclei resulting from aerosolization of a 
10% sodiumchloride solution, under moderate conditions of rela- 
tive humidi ty  was K, = • 0.0020. 

Temperature was controlled during the whole of the experiments, 
while humidi ty  was set before each experiment. U V q a m p s  were 
used in sterilisation. 

S a m p l i n g .  Air samples were taken by use of modified 
capillary impingers. The critical capillary tube was tangentially 
directed to the side of the round bot tom of a 30 mm diameter tube. 
At the operating pressure-fall of :t: 50% the flow rate was 11 1 per 
minute. As sample medium 10 ml of a 1% peptone solution was 
used, to which 1 drop of olive oil was added as antifoaming agent. 
The absolute efficiency of our impingers was 90.9:t=0.5%, when 
tested ~4th bacteriophage T 5 (diameter 50 m/.~). 

E x p r e s s i o n  o f  r e s u l t s .  After an initial drop in the 
number  of living organisms further decay takes a logarithmic 

A log Nt 
course. The slope K of the survival curve is expressed as 

/~t 

where N is the fraction surviving ( =  recovery) and t is time in 
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Fig. 2. T h e  inf luence of re la t ive  h u m i d i t y  on t he  su rv iva l  of bac t e r iophage  
Ts, a e r o s o l i z e d  in med i a  of d i f ferent  compos i t ion  a t  24 ~ C. 

2 0 % R H  . . . . . . . . . .  ~ 7 % ~ H  6 7 % 1 ~ .  
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minutes. By extrapolating the survival curve during the logarith- 
mical period to zero time N o could be calculated i.e. the fraction 
of organisms in the aerosolized population that was not affected by 
the processes in the initial period. 

C O L I - B A C T E R I O P H A G E  1"5, P R E L I M I N A R Y  E X P E R I M E N T S .  

Since bacterial viruses are easy to work with, a series of model 
experiments was done with coil-bacteriophage T 5 propagated on 
E. coli 13 in nutrient broth. 

I n f l u e n c e  o f  s u s p e n s i o n  m e d i u m  a n d  h u m i -  
d i t y .  

Bacteriophage suspensions (5 • 109 PFU/ml) diluted t : 25 in media 
of different composition were nebulized during l0 seconds each and 
10 second samples were taken at adequate intervals of time. Sur- 
viving particles in the sample medimn were counted in agar-overlays 
with the host bacteria E. coli I3. As suspension media were used: 1% 
peptone (Difco), allantoic fluid, distilled water and physiological 
saline. Tile resulting survival curves for three different humidities 
are shown in Fig. 2. 

The death rate of bacteriophage T 5 is sharply influenced by humi- 
dity. The composition of the suspension medium affects the level 
of decay materially, especially in the initial period. The suspension 
medium does not interfere however with the effect of humidity 
as the variations in decay rate with humidity follow the same 
trend in all the media used. The experiments in artificial media 
therefore seem to permit conclusions about the influence of humidity 
on the survival under natural conditions. As peptone seemed to 
have a protective influence and stabilized the pH at 7.0-7.2 a 
solution of 1% peptone was used in further experiments. 

I n f l u e n c e  o f  t e m p e r a t u r e  a n d  h u m i d i t y .  
Suspensions diluted 1:25 in a 1% Difco peptone solution were 

used for aerosolisation. Spraying, sampling and counting were 
conform the methods used before. Operating temperatures were 
10, 20 and 30 ~ C. The K-values of the resulting death-curves are 
shown ill Fig. 3 and the mean No-values in different ranges of 
humidity are given in table 1. The theoretical value for No (100% 
recovery) would be about 400 PFU/I. 

Fig. 3 shows that the effect of relative humidity is most striking 
for all three temperatures. In each case a rather sharp transition 
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Fig. 3. Bacteriophage T 5, death-rate and relative humidity at 10 ~ 20 ~ and 
30 ~ C. 

of low death-rate at low humidi ty  to high death-rate at high humi- 
dities occurs in the range from 40-60% RH. This means that  
relative humid i ty  and not absolute  humidi ty  is the impor tan t  fac- 
tor. 

TABLE 1. 

Temperature Relative humidity No 

10 ~ C. <50% and>50% 37% 
20 ~ C. <50% 62% 

>50% 25% 
30 ~ C. <50% 55% 

>50% 25% 

The increase in death-rate per ten centigrades, the Q~o is about  
2 to 3. At low death-rates the Q1o is smaller, probably  because 
the apparent  death-rate is par t ly  sedimentation-rate.  Compared 
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with relat ive humid i ty  the tempera ture  is obviously of minor  im- 
portance.  This would definitely be t rue in the range of var ia t ion 
of indoor t empera tu re  in moderate  climates. 

I t  can be seen from Table 1 tha t  re lat ive humid i ty  is also of in- 
fluence in the  init ial  period before logari thmic decay begins. In  
accordance with previous results with bacter ia l  aerosols the effect 
during the ini t ial  period - if any  - is paral lel  to tha t  during loga- 
r i thmic decay. 

HUMAN VIRUSES. 

After  the model-exper iments  with bacter iophage the influence of 
relat ive humid i ty  at  20 ~ C. on the survival  of influenza virus and 
poliomyeli t is  virus was studied, influenza representing the winter  
diseases and poliomyeli t is  the summer diseases. 

I n f l u e n z a  v i r u s .  A m i x t u r e  of one par t  influenza virus 
PR s in al lantoic fluid and one par t  2% Difco peptone (between I0 s 
and 10 ~ IDs0/ml ) was aerosolized for 2 minutes.  The theoret ica l  N O 
of the  aerosol would then be between 2 • 10 a and 2 x 10 h IDso/1. 

The sampling fluids were t i t r a ted  by  anmion inoculat ion in ern- 
b ryona t ed  hen 's  eggs or on surviving fractions of chorio-allantoic 
tissue in vitro. The resulting death-ra tes  are given in Fig. 4. 

At  50-90% relat ive humid i ty  death-ra tes  are about  ten t imes  
those in the range 15-40% relat ive humidi ty .  The t rans i t ion  is 
sharp. We had  no oppor tun i ty  to determine the N0-values exactly,  
but  t hey  were of the order of 20% at all relat ive humidi t ies  tested.  

P o 1 i o m y e 1 i t i s v i r u s. Poliomyeli t is  viruses were grown 
on human  amnion cells line U in Hanks  salt  solution with lactal-  
bumin-hydro lysa te  and 5% horse serum. The following 3 strains 
were used:  CsL (type I, a t tenuated ,  Sabin), Leon 12ab (type I I I ,  
a t t enua ted ,  Sabin) and Mahoney (type I, virulent).  Virussus- 
pensions (2-8 x 107 PFU/ml)  mixed with equal par ts  of 2% peptone  
were sprayed  for 2 minutes.  The sampling fluids - o n e  ~ peptone  
with Dulbecco buffer - were t i t r a t ed  by  the plaque method  on 
monolayers  of the same anmion cells. 

The survival  curves are given in Fig. 5, while the  K-vMues are 
plot ted,  together  with those of influenza virus, in Fig. 4. Inac t iva -  
t ion is slow at  high relat ive humidit ies  and very fast a t  low rela t ive  
humidi t ies ;  in fact below 45-55% 11o virus could be de tec ted  30 
seconds af ter  spraying.  The t ransi t ion is ra ther  sharp at  50-60% 

rela t ive  humidi ty .  
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M i x t u r e s  o f  i n f l u e n z a  v i r u s  a n d  p o l i o m y e -  
l i  t i s  v i  r u s. Two par ts  of influenza PRs-suspension,  two 
pa r t s  of pol iomyeli t is  CsL-suspension and one pa r t  of 5% peptone  
were aerosolized at  • 35 and 4- 65% re la t ive  humid i ty .  The  sam- 
pling fluids were t i t r a t e d  selectively. The exper iments  were repea ted  
three t imes. The mean surviva l  curves are given in Fig.6. 

The differences in su rv iva l  under  changing humidi t ies  a t  20 ~ C. 
are s t r ik ing for influenza as well as for pol iomyel i t is  viruses. Fo r  
pol iomyel i t is  the survival  is op t imal  a t  high humid i ty ,  bu t  no 
demons t rab le  virus  is left  a t  low humid i ty ;  for influenza jus t  the  
reverse is found with a good survival  at  low humid i ty ,  bu t  rap id  



Virus survival as a seasonal factor. 229 

~'oRECOVERY 
100 

10 

1 

o~ 

i 

lO(] 

1 

1o0 

2O /,0 5O e0 ;O0 I~H 

]Fig. 6. Poliomyelitis survival curves at 200 C. 
Start of each curve at RH tested. Time scale moving, one unit is 10 minutes. 
From top to bot tom: type I Mahoney, type I CsL, type I I I  Leon 12ab. 

dea th  a t  h igh  h u m i d i t y .  These  resul ts  for inf luenza  v i rus  are in 

accordance  wi th  the  l im i t ed  expe r imen t s  pub l i shed  p rev ious ly  b y  
EDWARD et al. (1943) and  Loos•I et al. (1943), t h e y  differ  h o w e v e r  
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Fig. 6. Survival curves of poliomyelitis (CsL) and influeuza (PRs) virus, 
aerosolized in mixed suspensions at 20 ~ C. 

from the results  of ROBERTSON et al. (1948), SHECHMEISTER (1950) 
and  ~ORECK~J (1955). The resul t  wi th  mixed  suspensions show, as 
was expected after  the previous exper iments  wi th  bacter iophage,  
t ha t  differences in the composi t ion of the med ium are not  respon- 
sible for these contrasts .  The s imi la r i ty  of the phenomenon using 
three  pol iomyeli t is  s t rains  confirms tha t  the  pr incipal  behav iour  of 
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the  v i rus  under  the  influence of re la t ive  h u m i d i t y -  ana logous  to 
t h a t  of bac te r i a  - is l inked  to species and not  only  to type .  

D e a t h - c u r v e s  of bo th  type  I strains,  a t t e n u a t e d  as well as v i ru len t ,  

are a lmos t  ident ical .  As to the  type  I I I  s t ra in  the  t r ans i t ion  is a t  
a s o m e w h a t  h igher  re la t ive  h u m i d i t y  and  i nac t i va t i on  is a l i t t le  

more  fast .  
HARPER (1961) conf i rmed the oppos i te  influence of r e l a t ive  

h u m i d i t y  on the  su rv iva l  of inf luenza vi rus  and  po l iomyel i t i s  viruses .  

F u r t h e r m o r e  he found  be t t e r  su rv iva l  ra tes  for po l iomyel i t i s  v i rus  

at  20% and  35% than  at  50% R H .  We  were unab le  to de tec t  this  

~RH 

J A S 0 N O J F M A M J J A ~ V t,~ u J r m . ~-, 

Fig. 7. Seasonal variation of relative humidity indoors in the Netherlands. 
The upper and lower curves represent mean maximal and minimal relative 
humidity as calculated from temperature and absolute humidity. The 
range for optimal virus-survival is stippled for influenza virus and hatched 
for polio virus. For polio-virus the CsL data were used. The other two polio- 
viruses halve a narrower range of optimal survival. The period of increasing 
morbidity of influenza (data for England and ~Tales) and for poliomyelitis 
(Dutch data) are given at the bottom of the figure as stippled and hatched 
bars. 
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phenomenon as at low RH no virus was recovered in the first 
samples a.fter spraying. This difference might be due to the lower 
concentrations of our virus suspensions or to differences in the 
suspension media. 

DISCUSSION. 

The described experiments show that relative humidityis a more 
important factor than temperature with regard to the survival of 
aerosolised viruses. The effect of relative humidity is more or less 
independent of the suspension medium so that one may expect 
that relative humidity is also important under natural conditions 
as in airborne infections. 

Since most infections occur indoors, the relative humidity indoors 
has to be taken in consideration. In moderate climates this relative 
humidity is high during summer but, due to heating, low during 
winter. The calculated mean range of variation in the Netherlands 
is for instance shown in Fig. 7. 

The opposite effect of relative humidity on the survival of aero- 
sols of influenza virus and poliomyelitis virus seems in striking 
relation to the epidemiological pattern of the corresponding 
diseases. The periods of increasing morbidity for influenza (Fig. 
7, stippled bars) coincides nicely with the period of relative humidity 
best suited for virus survival. The same is true for poliomyelitis 
morbidity (Fig. 7, hatched bars) and the period for optimal sur- 
vival. 

This seems to indicate that relative humidity may be an impor- 
tant seasonal factor in the epidemiology of influenza and poliomye- 
litis; whether this is also true for other virus diseases remains to be 
determined. 

S u m m a r y. 

The influence of temperature and humidity on the survival of 
airborne viruses was studied in a static system. Preliminary 
experiments with a bacteriophage showed that relative humidity 
was more important than temperature and absolute hmnidity. 
The effect of relative humidity was not dependent on the composi- 
tion of the medium surrounding the virus particles. 

The survival of influenza and poliomyelitis virus are sharply 
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inf luenced  b y  re l a t ive  h u m i d i t y  bu t  in an  oppos i te  way.  In f luenza  

v i rus  surv ives  m u c h  b e t t e r  at  lower humidi t ies ,  po l iomyel i t i s  virus  
at  h ighe r  humidi t ies .  

I n  count r ies  wi th  m o d e r a t e  c l imates  the  per iod  of increas ing 

m o r b i d i t y  for influenza,  in winter ,  coincides wi th  indoor  condi t ions  

of r e l a t ive  h u m i d i t y  which are op t ima l  to v i rus  survival .  F o r  polio- 

mye l i t i s  the  same is t rue  dur ing  s u m m e r  (Fig. 7). 
I n d o o r  r e l a t ive  h u m i d i t y  is considered an i m p o r t a n t  " seasona l  

f a c t o r "  in the  ep idemio logy  of po l iomyel i t i s  and  inf luenza and 

p r o b a b l y  of o the r  diseases. 
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