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The virulence of five wild-type influenza A viruses and 14 recombinant viruses, prepared 
from the cold adapted A/Ann Arbor/6/60 virus and various wild-type viruses, was studied by 
two methods. Firstly, the viruses were inoculated into hamsters, and the titres present in the 
lungs and turbinates at 1, 3 and 4 days post-infection were measured. Secondly, the effect of five 
wild-type and ten recombinant viruses on the ciliated epithelium of in vitro hamster tracheal 
organ cultures was examined. The results obtained were assessed with reference to the known 
virulence of the viruses for human volunteers. The results showed that virus strains virulent for 
man grew to higher titres in hamster lungs and turbinates than attenuated strains; and that 
virulent strains destroyed the ciliary activity of hamster tracheal organ cultures more quickly 
and to a greater extent than attenuated strains. Comparison of the results with the known 
virulence of viruses tested for man suggests that the reduced ability of virus to grow in hamster 
lung tissue and the relatively little effect on ciliary activity may be used as markers of virus 
attenuation; however, the growth of virus in hamster turbinates overlaps for virulent and 
attenuated strains and therefore was not considered a useful marker of virulence. 

virulence assessment; influenza virus; hamster 

Introduction 

Inf luenza  virus strains of potential  value as live virus vaccines can be produced 
rapidly by selection from recombinan t  pools produced by double infection of cells 
with wild-type virulent  strains and  known at tenuated strains [18]. The future use of 
such recombinan t  strains as vaccines is considered by some authorit ies to have many  
advantages over the use of inactivated vaccines: thus, more doses can be produced per 
egg; the vaccine is given intranasal ly  which may be more acceptable; and  live vaccines 
have been shown to induce a more solid immuni ty  [4,13]. In contrast ,  live virus 
vaccines require protracted testing to ensure safety for general use [28], these tests 
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include volunteer studies of attenuation, genetic stability, non-transmissibility and 
immunogenicity, and the time required for completion may be too long for practical 
purposes, since epidemic influenza virus strains change antigenically at frequent 
intervals [36]. 

The development of  attenuated influenza vaccines would be considerably facilita- 
ted by the identification and acceptance of laboratory methods to measure human 
virulence, and a number of  such models have been investigated. Infection of ferrets 
[7,8,12], hamsters [3,22] and infant rats [17-21,37] and growth in organ cultures of  
human and ferret trachea [6,10,23-25] have been suggested, but none has been 
accepted to date as a satisfactory alternative to volunteer studies, since either correla- 
tion with volunteer studies has not been complete [15], or too few strains have been 
studied to allow conclusions. In the present study, we report the growth of wild-type 
and recombinant influenza viruses in the lungs and turbinates of hamsters, together 
with the effect of these viruses on organ cultures of hamster trachea. The results were 
compared and related to virulence for man as established in volunteer studies, to 
determine the value of the models in the measurement of human virulence. 

Materials and methods 

Viruses 

Wild-type influenza viruses A/F in land /4 /74  (H3N2), A/Vic tor ia /3 /75  (H3N2) 
and A/Alaska /6 /77  (H3N2) were kindly supplied by Dr. J.J. Skehel, National 
Institute for Medical Research, Mill Hill, London; and strains A / T e x a s / I / 7 7  (H3N2) 
and A/Scot land/840/74 (H3N2) were available in this laboratory. Cold-adapted 
recombinant viruses AA-CR31 clones 2, 3, 10 and 12 and AA-CR29 clones 2, 8 and 17 
which are recombinants of cold-adapted A / A n n  Arbor /6 /60-7PI  (H2N2) and 
A/Alaska /6 /77 ,  AA-CR33 clones 2 and 3 which are recombinants between A / A n n  
Arbor /6 /60-7PI  and A/USSR/90 /77  (H IN 1), and AA-CR44 clones 6-1, 11-1, 16-1 
and 20-2 which are all recombinants of A /Ann  Arbor /6 /60-7PI  with A/Bei j ing/2/79 
(H3N2) were prepared by Dr. H.F. Maassab, University of  Michigan, School of 
Public Health, Department  of  Epidemiology. Strains AA-CR19 and AA-CR22 
clones 1 and 17 which are all recombinants of  A /Ann  Arbor /6 /60-7PI  and A/Victo- 
r ia/3/75 (H3N2) were supplied by Dr. A. Kendal, Center for Infectious Disease, 
Centers for Disease Control, Atlanta, Georgia. 

Virus pools were prepared by the allantoic inoculation of 10-day embryonated eggs 
with 0.2 ml 10 -3 dilution of seed virus. After incubation for 3 days at 34°C, the allantoic 
fluids were harvested and stored at -80°C and the titre of each pool determined by 
titration by the allantois-on-shell method [11]: the 50% egg-bit infectious doses 
(EBIDs0) were calculated using the method of Reed and Muench [33]. 

Animal inoculation 

Eight- to 12-wk-oid Syrian hamsters were obtained from a randomly-bred closed 
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colony at the University of  Sheffield. Animals were weaned at age 3 wk and used at age 
6-8 wk. Hamsters were lightly anaesthetised with ether and inoculated intranasally 
with 104.o EBIDs0 of virus in a volume of 0.2 mi of phosphate buffered saline, pH 7.2 
(PBS), containing 1% (v/v) BSA and antibiotics: nine hamsters were inoculated with 
each strain of  virus. At 24, 72 and 96 h post-inoculation groups of three animals were 
killed by cervical dislocation: the lungs and turbinates were removed aseptically, 
washed with PBS, and separately ground with carborundum powder in PBS contain- 
ing 2% (v/v) BSA and antibiotics to give a 40% (w/v) suspension. The extracts were 
then centrifuged at 2 000 × g for 15 rain, and the supernatants stored at-80°C prior to 
virus titration. 

Virus titrations 

Extracts of lungs and turbinates from virus-infected hamsters were titrated for virus 
by the allantois-on-shell method [11]. Each virus dilution was inoculated onto allan- 
tois-on-shell from four different eggs since eggs differ in sensitivity to influenza virus 
infection. After incubation for 3 days at 33°C with constant shaking, shell fragments 
were removed, and the culture fluids were tested for virus by haemagglutination. The 
virus titres, expressed in 50% egg bit infectious doses (EBIDs0)/ml were calculated by 
the method of Reed and Muench [33]. 

Preparation of tracheal rings 

Hamsters were anaesthetised with carbon dioxide then dissected, cutting longitudi- 
nally through the sternum and anteriorly to the mandible. The skin was pulled clear 
and the animal exsanguinated by cardiac puncture. The lungs and trachea were 
aseptically removed into pre-warmed (37°C) medium 199. The trachea was freed from 
the lungs in medium 199; washed and rings cut transversely on a sterile surface using a 
scalpel or razor blade; 8-12 rings were obtained from each trachea by this method. 
The rings were put separately into sterile capped test-tubes containing 1.0 ml of 
pre-warmed medium 199, containing 5% (v/v) foetal calf serum and antibiotics and 
allowed to adhere to the side of the tube 15-20 mm from the bot tom for 2 h. The tubes 
were then rolled at 37°C for 24 h; cell cultures were examined at this time and rings 
which exhibited active and clearly visible ciliary activity were used for virus inocula- 
tion. 

Virus inoculation of tracheal rings 

Rings showing active ciliary activity after 24 h incubation at 37°C were selected. 
Growth medium was decanted and they were inoculated with 105 EBIDs0 of virus in a 
1.0 ml volume and incubated for 2 h at 37°C for virus adsorption to occur. After 
adsorption the medium was decanted, the cells washed three times with growth 
medium, and 1.0 ml of fresh growth medium added. The cultures were incubated 
further for 10-12 days. The ciliary activity of the cultures was assessed daily, prior to 
changing the medium. 
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To assess ciliary activity, the tubes were held horizontally under the lens of a 
microscope with the tracheal ring uppermost; activity was graded under the 40X 
objective. The ciliary activity at the time of virus inoculation was taken as 100%, and 
the areas where cilia were beating strongly were marked on a diagram of each ring; 
later ciliary activity was graded with reference to these diagrams as 100, 75, 50, 25 or 
0% of the original. 

Results 

Virus growth in animal tissues 

Wild-type viruses 
The replication of wild-type strains of influenza A virus in the turbinates and lungs 

of hamsters was determined at 1, 3 and 4 days post-inoculation with 104"° EBIDs0 of 
virus: virus titres were determined in tissue extracts from three animals at each time 
and for each virus. The results are shown in Table 1. For three of the virus strains, the 
titres in the turbinate tissue increased with time: however, for influenza virus 
A/Texas/77, peak titres were found at 24 h post-inoculation, and subsequently 
declined. The maximum titres observed were  101"7-10 TM EBIDs0/ml (Table 1). Virus 
titres in lung extracts were higher than in turbinates. For three of the virus strains 
tested, lung titres increased to a maximum at 4 days post-inoculation; but for 
influenza A/Texas/77 and A/Finland/74 peak titres were observed at 24 h after virus 
infection. The maximum titres recorded varied from 104"35-106.36 EBIDs0/ml (Table 
1). 

Recombinant viruses 
The replication of 14 cold-adapted, recombinant viruses in the lungs and turbinates 

of hamsters was measured in the same way as described for wild-type viruses. The 
results are shown in Table 2. Virus titres in the turbinates of infected animals were 
relatively low; virus was detected in tissue extracts from animals inoculated with 10 of 
the viruses tested, but not for strain CR29 clones 8 and 17, CR44 clone 6-1 and CR 19. 
For one strain (CR31 clone 3) peak titre occurred at 24 h post-inoculation, whilst for 
the rest peak titres were found on days 3 and 4 after virus inoculation. Peak titres 
varied from <10 ~'°- 10 ~'7 EBIDs0/ml (Table 2). Virus was recovered from lung extracts 
for 13 of the 14 virus strains inoculated; for strain CR29 clone 8 no virus was detected 
in lung or turbinate extracts; whilst for viruses CR19, CR29 clone 17 and CR44 clone 
6-1 virus was recovered from lung extracts, but not from the turbinates of infected 
animals. Peak titres on variable days post-inoculation for the virus tested varied from 
<101°-102.58 EBIDs0/ml, and tended to be higher than for turbinate extracts. 

Virus effect on hamster trachea ciliary activity 

Wild-type viruses 
Virulent virus strains A/Texas / l /77 ,  A/Victoria/3/75, A/Scotland/840/74, 



T
A

B
L

E
 

l 

R
ep

li
ca

ti
on

 o
f 

w
il

d-
ty

pe
 v

ir
us

 s
tr

ai
ns

 o
f 

in
fl

ue
nz

a 
A

 i
n 

ha
m

st
er

 l
un

gs
 a

nd
 t

ur
bi

na
te

s 

V
ir

us
 s

tr
ai

n 
M

ea
n 

lo
gl

o 
E

B
ID

so
 (

--
 S

l)
) 

T
ur

bi
na

te
s 

L
un

gs
 

1 
da

y 
3 

da
ys

 
4 

da
ys

 
1 

da
y 

3 
da

ys
 

4 
da

ys
 

A
/V

ic
to

ri
a/

3
/7

5
 

<
1.

0 
1.

3 
+ 

0.
2 

2.
3 

+ 
0.

2 
3.

0 
+ 

0.
23

 
3.

18
 ±

 
0.

84
 

4.
35

 +
 

0.
4 

A
/A

la
sk

a/
6

/7
7

 
1.

4 
-[-

 0
.3

 
1.

9 
± 

0.
2 

2.
8 

± 
0.

1 
<

1.
0 

3.
5 

± 
0,

32
 

4.
66

 +
_ 

0.
05

 
A

/S
co

tl
an

d
/8

4
0

/7
4

 
1,

76
 ±

 
0.

02
 

2.
74

 ±
 

0.
05

 
3.

45
 ±

 
0,

24
 

4.
1 

± 
0.

79
 

3.
9 

± 
0.

56
 

4.
79

 ±
 

0.
56

 
A

/T
ex

as
/I

/7
7

 
2.

62
 ±

 
0.

6 
1.

52
 +

 
0.

6 
1.

17
 ±

 
0.

4 
6.

36
 ±

 
1.

66
 

4.
45

 _
 

0.
49

 
2.

8 
± 

0.
69

 
A

/F
in

la
n

d
/4

/7
4

 
1.

09
 ±

 
0.

24
 

1.
17

 ±
 

0.
46

 
1.

7 
± 

0.
3 

4.
86

 ±
 

0.
47

 
3.

11
 

± 
0.

19
 

3.
07

 z
lz

 0
.2

5 



Ix
# 

4~
 

T
A

B
L

E
 

2 

R
ep

li
ca

ti
on

 o
f 

re
co

m
b

in
an

t 
vi

ru
s 

st
ra

in
s 

of
 i

nf
lu

en
za

 A
 i

n 
h

am
st

er
 l

un
gs

 a
n

d
 t

u
rb

in
at

es
 

V
ir

us
 s

tr
ai

ns
 

M
ea

n
 l

og
,0

 E
B

ID
so

/m
l 

5:
 s

n 

T
u

rb
in

at
es

 
L

un
gs

 

1 
da

y 
3 

da
ys

 
4 

da
ys

 
1 

da
y 

3 
da

ys
 

4 
da

ys
 

C
R

 
19

 
<

1
.0

 
<

1
.0

 
<

1
.0

 
C

R
 2

2 
cl

on
e 

1 
1.

2 
± 

0.
3 

<
1

.0
 

1.
7 

± 
0.

1 
C

R
 2

9 
cl

on
e 

8 
<

1
.0

 
<

1
.0

 
<

1
.0

 
C

R
 2

9 
cl

on
e 

17
 

<
1

.0
 

<
1

.0
 

<
1

.0
 

C
R

 3
1 

cl
on

e 
2 

<
1

.0
 

<
1

.0
 

1.
9 

5:
0.

1 
C

R
 3

1 
cl

on
e 

3 
1.

3 
± 

0.
3 

<
i.

0
 

I.
I 

± 
0.

3 
C

R
 3

1 
cl

on
e 

10
 

<
1

.0
 

1.
2 

5
:0

.2
 

1.
2 

± 
0.

2 
C

R
 3

1 
cl

on
e 

12
 

<
1

.0
 

1.
6 

± 
0.

3 
1.

2 
± 

0.
2 

C
R

 3
3 

cl
on

e 
2 

<
1

.0
 

1.
3 

± 
0.

05
 

<
1

.0
 

C
R

 3
3 

cl
on

e 
3 

<
1

.0
 

1.
2 

± 
0.

4 
1.

1 
5:

0.
1 

C
R

 4
4 

cl
on

e 
6-

1 
<

1
.0

 
<

1
.0

 
<

1
.0

 
C

R
 4

4 
cl

on
e 

11
-1

 
<

1
.0

 
1.

1 
± 

0.
2 

1.
1 

± 
0.

2 
C

R
 4

4 
cl

on
e 

16
-1

 
<

1
.0

 
1.

1 
± 

0.
3 

1.
0 

5
:0

.2
 

C
R

 4
4 

cl
on

e 
20

-2
 

<
1

.0
 

1.
3 

5
:0

.2
 

<
1

.0
 

2.
46

 ±
 

0.
6 

1.
2 

± 
0.

4 
<

1
.0

 
<

1
.0

 
1.

0 
± 

0.
45

 
<

1
.0

 
1.

3 
+ 

0.
2 

1.
1 

± 
0.

1 
1.

74
 ±

 
0.

25
 

1.
6 

± 
0.

2 
1.

1 
5:

0.
1 

1.
8 

± 
0.

3 
1.

4 
± 

0.
75

 
1.

2 
± 

0.
3 

2.
58

 +
 

0.
3 

<
1

.0
 

<
1

.0
 

2.
42

 +
 

0.
57

 
2.

1 
+ 

0.
1 

1.
76

 ±
 

0.
3 

1.
6 

-+
- 0

.2
 

1.
8 

+ 
0.

2 
1.

9 
+

0.
33

 
', 

1.
8 

+ 
0.

2 
1.

6 
_ 

0.
3 

2.
3 

+ 
0.

2 
2.

11
 +

 
0.

24
 

2.
1 

+
0

.2
 

2.
3 

± 
0.

4 
1.

69
 +

 
0.

1 
<

1
.0

 
<

1
.0

 
<

1
.0

 
<

1
.0

 
1.

3 
+ 

0.
2 

2.
1 

+
0

.4
 

1.
53

 -
+-

 0
.1

2 
1.

9 
+ 

0.
3 

1.
8 

± 
0.

2 
1.

9 
+ 

0.
2 

<
1

.0
 

2.
1 

+
0

.2
 



247 

90, . . . . . . . . .  . . . . .  

i \ • , . ~ -  ~ ~ " . ' - - - - . - - - - . - - - - . - - - - . - - - - . - - - - .  80 ~ :.~ _,0.__,,~_..~_ =.,~.¢ . . . . . . . . . . . . . . . . .  I Orecombinant 
~ \ ~ - - ' 0 " - -  ~- . . . . .  '=-.. strains 

5 wild-type 
strains 

20" ~ ~ l = = = ~ =  

10- 

I I I I I I l I I I I I I 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Days post-inoculation 
Fig. 1. The action on ciliary activity of 5 wild-type and 10 recombinant influenza virus strains. 
CR29 clone 2 is included and was not tested in vivo. 

A/Alaska /6 /77  and A/Fin land/4 /74  were tested for their effects on the ciliary 
activity of hamster tracheal organ culture. The results are shown in Fig. 1. All five 
strains of virus tested had a strongly inhibiting effect on ciliary activity, but the extent 
of this effect varied for the different strains. Thus, at 10 days following inoculation 
with A/Finland/74 ciliary activity was reduced by 50%, whilst for A/Texas/77 almost 
all activity had been lost by this time. For the five strains of virus tested />50% 
reduction of ciliary activity was recorded at 6-8 days, post-inoculation. 

Recombinant viruses 
The effect of recombinant viruses on the ciliary action of tracheal organ cultures 

was measured. The results are shown in Fig. 1. Some variation was observed, but 
generally the findings were remarkably consistent. Thus, at 6-8 days post-inocula- 
tion, the reduction in ciliary action was 62.5-100%, and none of the viruses tested 
induced 50% reduction in ciliary activity during the observation period (Fig. 1). 

Gene origin of  recombinant viruses 

The gene derivations of the recombinant viruses derived from A/Ann  Arbor/6/60-  
7PI and a wild-type virus have been established (see review [18]). For 6 of the 14 
recombinant viruses tested the HA and NA were derived from the wild-type parent 
and all other genes from the cold-adapted parent. One strain, CR44 clone 20-2, 
derived only the HA from the wild-type parent. The gene derivation of CR33 clone 3 is 
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unknown to us and the remaining recombinants possess single, additional, wild-type 
genes. 

These results suggest that those recombinants possessing only the HA and NA from 
the wild-type parent, and the recombinants with additional wild-type genes grow to 
similar titres in hamster lungs and turbinates, and that the effect of  these two groups of 
viruses on ciliary activity is also similar. The growth of wild-type viruses in hamster 
tissue, and their effects on ciliary activity was markedly different from those of the 
recombinant strains. Thus, peak titre in the lung was 104"35-106.36 EBIDs0/ml for 
wild-type viruses compared to <10"°-102'58 EBIDs0/ml for recombinant strains: and 
peak titre of virus in the turbinates was <10t'°-101'9 EBIDs0/ml for recombinant 
strains and 101'7-10 T M  EBIDs0/ml for wild-type viruses. In addition, at nine days 
post-inoculation of hamster tracheal cultures, the ciliary activity had been reduced by 
i>50% of the original activity (Fig. 1). 

Correlation of  in vitro tests with virus virulence 

Influenza viruses A/Victoria/75,  A/Scot land/74,  A/Alaska/76,  A/Texas /77  and 
A/Fin land/74  are past epidemic strains, and are virulent for man: 10 of the 14 
recombinant viruses used in the present study have been shown to be attenuated in 
volunteer studies [9,16,26-29]. The CR44 strains have not been shown to be attenua- 
ted in humans. A comparison of the experimental results obtained in the present study 
with virus virulence for man is shown in Fig. 2. The maximum titres of virus found in 

o 
m 

,=, 
O 

° - -  

L 

E 
E 
x 

10- 

9- 

8 -  

7 

6 

5 

4 

2" 

<1 
I I 

Virulent Attenuated 

Turbinates 

10 100 

9 

E 8 
o 

- -  7 

8" 6 

5 

4 L 
. m  

E 

, m  
x 

1 
<i 

D 
,.~ 80- 
:=3 

= 70" "Z 

60- 

5O- 

40- 

30- 

"--- 20 

10 

D 

I I I ! 

Virulent Attenuated Virulent Attenuated 

Lungs Ciliary Activity 

Fig. 2. Correlation of maximum virus titres in hamster lungs and turbinates, and ciliary activity 
of hamster tracheal rings at 9 days post-inoculation, with virus virulence for man. 
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turbinate extracts tended to be higher for virulent viruses than for attenuated strains; 
however, some overlap of results was observed, and for this reason the measurement 
cannot be considered a reliable measure of human virulence. In contrast, the 
maximum titre of virus present in lung extracts was >104 for virulent strains, <103 for 
attenuated strains; this suggests that virus growth in this tissue can be used to 
discriminate virulent from attenuated virus strains. Similarly, the ability of virus 
strains to inhibit ciliary activity discriminated the two virus groups. The results 
suggest that the two latter tests could be of value in the laboratory recognition of 
virulent and attenuated recombinant influenza viruses. 

Discussion 

Many authorities have suggested that a live attenuated influenza virus vaccine 
would have advantages over the presently available inactivated vaccines; however, the 
development of a live vaccine for general use requires the selection of a recombinant of 
an attenuated parent and the current wild-type strain which is attenuated for man, and 
the completion of a programme of volunteer studies to show the strain to be genetical- 
ly stable, non-reactive, non-transmissible and immunogenic; it has been estimated 
that this would take some two years, by which time the vaccine would not be relevant 
to the current epidemic virus strains. The period required for developmental studies 
could be considerably shortened if animal models to assess genetic stability, non- 
transmissibility and attenuation were developed and accepted, and would make the 
development of a live influenza vaccine a practical possibility. 

A number of model systems have been investigated to extablish a method of 
measuring in vivo virulence for man. These include infection of ferrets [7,8,12], mice, 
and infant rats [ 17,19-21,37]. In addition, virus growth in hamsters and the effects of 
virus on hamster organ cultures have been studied [1,3,22]. None of these methods 
enjoys general acceptance as a reliable marker of virus virulence, whilst some methods 
have not been studied sufficiently to allow assessment of reliability and value. In the 
present study, 15 influenza A virus strains of known virulence for man were tested for 
growth in hamster lungs and turbinates, and for reduction of ciliary activity in hamster 
trachea organ cultures. The results indicate that wild-type virulent strains grew to 
higher titres in hamsters and reduced ciliary activity to a greater extent than attenua- 
ted virus strains: the results were clearly distinct for the two groups of virus, and there 
was no overlap in the results. Although both the CR and the wild-type viruses used are 
egg-passages beyond viruses shown to be attenuated and virulent for man respective- 
ly, it is highly unlikely that a uniform spontaneous mutational event leading to 
attenuation of all CR viruses could have occurred. 

Using a different series of wild-type and recombinant viruses based on A / P R / 8 / 3 4  
or A/Okuda /57  attenuated strains, Abou-Donia et al. found no correlation between 
growth in hamsters and virulence for man [1]. In addition, virus virulence for infant 
rats clearly distinguished wild-type viruses from attenuated strains derived by recom- 
bination with A /AA/6 /60 ,  but not recombinant strains derived from A / P R / 8 / 3 4  
[2,171. 
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The results  suggest that  virus growth  in hamster  lungs and virus reduct ion  of  ci l iary 
act ivi ty  in vi t ro are rel iable tests for  h u m a n  virulence with wi ld- type  viruses and 
recombinan t s  of  co ld - adap t ed  A / A n n  A r b o r / 6 / 6 0  virus. The results agree with those 
of  studies in infant  rats  which also clearly d iscr imina te  between the two groups  of  virus 
[2]. It is p robab le  however ,  that  the technique cannot  be ex tended  to o ther  r ecombina -  
t ion systems,  and  this has been d e m o n s t r a t e d  [1]. 

In add i t ion ,  s imilar  results were ob ta ined  with virus s t rains  which con ta ined  only 
the genes for  the two surface ant igens,  and  those  which con ta ined  ano ther  gene f rom 
the wi ld- type  parent .  The effect o f  o ther  wi ld- type  genes on growth  in hamsters  could  
not  be assessed f rom the l imited number  of  variet ies avai lable  for  the present  s tudy.  

Since the deve lopment  of  sui table  in vivo models  for  es tabl ishing the proper t ies  of  
pu ta t ive  inf luenza vaccine s trains  may  be necessary for prac t ica l  purposes ,  and  many  
results indicate  that  vaccines based  on recombinan t s  of  wi ld- type  and co ld -adap ted  
A / A n n  A r b o r / 6 0  may  be the best choice,  we suggest that  the hamste r  model  ou t l ined  
above  meri ts  fur ther  test ing to de te rmine  re l iabi l i ty  and value as a model  o f  a t t enua-  
tion. The test could  be used in con junc t ion  with o ther  in vivo me thods  of  measur ing  
virus virulence,  and  facil i tate in the deve lopmen t  o f  live a t t enua ted  inf luenza virus 
vaccines.  
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