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Why is it hard to predict pandemics
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S t ages o f fow l p l ague v i rus en t ry i n to MDCK ce l l s . Ce l l s w i th prebound v i rus were warmed a t 37°C for d i f f eren t t i mes

and then f i xed w i th g l u t ara l dehyde a t room t empera ture . W i th i n 5 m i n , v i rus par t i c l es were seen i n smoo th sur f aced p i t s and
ves i c l es (a , b , and c ) , coa t ed p i t s (d , e , and f ) and coa t ed ves i c l es (g , h , and i ) . I n f , the samp l e was st a i ned w i th an t i - fow l p l ague
v i rus sp i ke pro t e i n IgG and then w i th f er r i t i n-goa t an t i - rabb i t IgG a f t er forma l dehyde f i xa t i on (see Ma t er i a l s and Me thods) . Th i s

i mage demons t ra t es tha t par t o f the v i rus par t i c l e was t i gh t l y assoc i a t ed w i th the membrane s i nce on l y the exposed par t i s l abe l ed
w i th f er r i t i n . A f t er 10 m i n , v i ruses were observed i n endosomes ( j ) and mu l t i ves i cu l ar bod i es (k and I ) . The i mages shown i n a , b ,
and c were a f t er 2 m i n warm i ng ; i n d , e , g , k , and i a f t er 5 m i n warm i ng , i n f a f t er 1 m i n warm i ng , and i n j , k , and / a f t er 10 m i n

warm i ng . a - i , x 62 , 500 ; k - l , x 50 , 000 .
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brane o f ce l l s by l ower i ng the med i um pH (5 , 19 , 54) . I f fow l
p l ague v i rus i n f ec t s MDCK ce l l s by an endocy to t i c pa thway
pass i ng through the l ysosomes , i t m i gh t a l so be expec t ed to
fuse a t the p l asma membrane i f exposed to l ow pH . Th i s
seemed espec i a l l y l i ke l y s i nce l ow pH-dependen t hemo l ys i s
and ce l l -ce l l fus i on had been recen t l y demons t ra t ed for i n f l u-
enza v i ruses (19 , 55 , 56) . To t es t th i s , ce l l s w i th prebound v i rus
were suspended i n med i a o f pH 5 . 0 and pH 7 . 4 for 1 m i n a t
37°C and exam i ned by t ransm i ss i on e l ec t ron m i croscopy a f t er
i nd i rec t f er r i t i n i mmuno l abe l i ng . In the ce l l s kep t a t pH 7 . 4 ,
f er r i t i n was assoc i a t ed on l y w i th v i rus par t i c l es and no t w i th
the ce l l sur f ace . No fus i on o f the v i rus w i th the ce l l sur f ace was

observed . In con t ras t , f er r i t i n was a t t ached to the p l asma
membrane on l y i n samp l es exposed to l ow pH (F i g . 10) . In
severa l cases , c l ear con t i nu i t y be tween the ce l l and v i rus mem-
branes was observed , w i th f er r i t i n on l y bound to the pro t rud i ng
v i rus pro f i l e (F i g . l 0 a and b) . Fus i on o f v i ruses to membrane
ves i c l es apparen t l y shed f rom the ce l l s was a l so observed (no t
shown) . Low pH t rea tmen t o f MDCK ce l l s i n the absence o f
v i rus produced some d i s turbance o f the p l asma membrane bu t
d i d no t i nduce ar t i f ac tua l f er r i t i n b i nd i ng .

To quan t i t a t e l ow pH- i nduced fus i on o f fow l p l ague v i rus
to the MDCK ce l l p l asma membrane , ce l l s w i th prebound
rad i oac t i ve v i rus were i ncuba t ed for 30 s a t 37°C w i th med i a
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Fus i on o f fow l p l ague v i rus a t the MDCK p l asma membrane . Fow l p l ague v i rus (60 j . g) was bound to MDCK ce l l s for
1 h a t 0°C and fus i on was i nduced by i ncuba t i ng the ce l l s for 1 m i n a t pH 5 . 0 and 37 ° C . The ce l l s were then f i xed w i th
forma l dehyde and i mmuno l abe l ed w i th an t i - fow l p l ague v i rus sp i ke IgG and f er r i t i n-con j uga t ed goa t an t i - rabb i t IgG . V i ruses are
c l ear l y recogn i zab l e by the f er r i t i n a t t ached to the i r membrane . In a the nuc l eocaps i d i s s t i l l c l ear l y v i s i b l e . In b the caps i d i s bare l y
recogn i zab l e , bu t the v i rus shape and f er r i t i n- l abe l ed sp i kes are s t i l l obv i ous . In c the sp i ke pro t e i ns have presumab l y d i f fused i n
the p l ane o f the membrane away f rom the s i t e o f fus i on . A v i rus pro f i l e i s s t i l l de t ec t ab l e (ar row) . Bar 0 . 2 j m . x 106 , 000 .
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Influenza fusion is heterogeneous on a single-virus level

fusion efficiency 10-40% depending on conditions

in-cell fusion efficiency ~10%

even if we could simulate relevant timescales, a single movie wouldn’t do it
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Single fusion events detected via 
fluorescence dequenching
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Bad combination

Heterogeneous outcomes -> need many simulations for statistics

Slow decorrelation times -> need long simulations

Simplest full-scale systems >>1M particles -> need large simulations

Biological system sensitive to fine details -> need high-fidelity simulations
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