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Summary 

Infant  rats were infected with one of a series of influenza A viruses. The growth  
of viruses in the turbinates or lungs, and the ability of virus infection to potentiate: 
a subsequent bacterial infection by ttaemophilus influenzae (HIb), were measured. 
The three virus strains known to be virulent for man grew to relatively high titres 
of 105"2--106's EBIDs0/ml in the turbinates of infant rats at 48 hours post- 
infection, and virus infection enhanced subsequent systemic infection following 
intranasal inoculation of rats with HIb. In  contrast, influenza virus A/Ann 
Arbor/6/60--P17 and the three recombinant viruses prepared from this strain, 
all of which are attenuated for man, replicated to significantly lower titres o f  
102-6--104.1 EBID50/ml in infant rats turbinates, and failed to promote systemic 
infection by HIb  to the same degree. The results, together with those of previous 
studies, suggest that  the behaviour of influenza viruses in infant rats may be an 
indication for virus virulence for man, and thus provide a test which could 
facilitate the development of live, attenuated virus vaccines. 

Introduetion 

The development of live, attenuated vaccines for immunization against influenza 
has required studies in human volunteers to measure virus attenuation (1); this 
is a protracted and potentially dangerous procedure, since recombinant strains 
may be more virulent for man than the parent viruses from which they are 
derived (2). To limit the problems of volunteer studies, several laboratory models 
have been investigated in attempts to develop a reliable and reproducible laboratory 
method of measuring the virulence of influenza virus strains. Thus, virus growth 
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in ferret and human organ cultures (13, 14), virus replication in ferrets (4, 7, 23) 
and growth in hamsters (16) have been investigated as possible methods of 
assessing virus virulence for man: the tests using animal models require confirma- 
tion and extension to recombinant viruses produced by a variety of methods before 
an assessment of reliability can be made, whilst the effects of virus growth in 
organ cultures has been shown to correlate with human virulence for some influenza 
virus strains, but not for others (6). 

The results obtained from studies of influenza virus infection in infant rats 
suggest that  this laboratory model may be of value in the assessment of human 
virulence of influenza virus strains. Thus, virulent influenza A/England/939/69 
(H3N2) virus was found to grow to relatively high titres in infant rat turbinates 
and  to promote significant bacteraemia and meningitis in rats subsequently in- 
oculated with Haemophilus influenza type b (HIb); ix contrast, attenuated re- 
combinant  strains prepared from influenza A/England/939/68 and A/PR/8/34~ 
(HON1) grew to lower titres in rat turbinates, and rarely enhanced subsequent 
bacterial infection (l 1). In addition, several further virulent influenza A virus 
strains were shown to behave similarly to A/England/939/69 in infant rats, whilst 
a second series of attenuated reeombinants of wild-type and A/PR/8/34 viruses 
grew to low titres in infant rats and again failed to provoke significant systemic 
infection by HIb  (8). The only contradictory result, obtained to date was for 
A/PR/8/34 virus; this virus is not infective for man (1), but grew to high titres 
in the turbinates of infant rats, and provoked subsequent HIb  baeteraemia and 
meningitis in all infant rats tested (11). Although these results were encouraging, 
they were limited to wild-type viruses and attenuated strains derived by recombi- 
nation of wild-type and A/PlY/8/34 viruses; it remained to be determined if similax 
results could be obtained using recombinant viruses derived by other methods. 
In the present study, we report the replieat:ion of wild-type and cold-adapted 
viruses, and recombinant viruses derived by recombination of these strains, in 
infant rat turbinates and lungs. In  addition, following infection with these viruses, 
rats were inoculated intranasally with HIb, and the ability of prior virus infection 
t o  promote subsequent baeteraemia and meningitis w~s determined. 

Materials and Methods 

Influenza A/Victoria/3/75 (H3N2), a wild-type virulent virus, and strain 4A2, a 
double recombinant of A/Victoria/3/75 and A/BR/8/34 ~druses, were obtained from 
Dr. A. S. Beare, Common Cold Research Unit, Salisbury. Influenza viruses A/Queens- 
iland/6/72 (H3N2), A/Ann Arbor/6/60 (H2N2), cold-adapted A/Ann Arbor/6/60--7PI 
(H2N2), A/Ann Arbor/6/60--Cl~6 (H3N2) which is a recombinant of A/Ann Arbor/ 
6/60 and A/Queensland/6/72 viruses, and CI~ t g--clone 6, CR 22-clone 5, and CR 22- 
clone 1 which are reeombinants of A/Ann Arbor/6/60--7PI and A/Victoria/3/75 
(H 3N 2) viruses, were from Dr. H. F. Massaab, The School of Public HeMth, Univer- 
sity of Michigan, Ann Arbor, Michigan, U.S.A. ; the development and properties of 
these viruses have been reported previously (9, 21, 22). 

Virus pools were prepared by the Mlantoie inoculation of 10-day embryonated eggs 
with 0.2 ml of 10 -3.0 dilution of seed virus. After incubation at 33 ° C for 72 hours, the 
allantoie fluids were collected and stored at --80 ° C. The egg infecti~dty titre (EIDs0) 
of each virus pool was determined by titration in 10-day embryonated eggs, and 
calculated by the method of I~EED and Mtr~xe~ (20). 
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Virus Replication in Newborn Rats 
W i s t a r  s t r a i n  r a t s  were o b t a i n e d  f rom a closed r a n d o m l y - b r e d  colony a t  t he  U n i v e r -  

s i t y  of Sheff ie ld;  l i t t e r s  of 8 - - 1 2  r a t s  were  used  a t  age 48 hours .  The  in f luenza  v i rus  
s t r a i n  u n d e r  t e s t  was  d i lu ted  in  p h o s p h a t e  buf fe red  sal ine,  pI-I 7.4 (PBS) c o n t a i n i n g  
2.0 per  cen t  (v/v)  b o v i n e  s e r u m  a l b u m i n  (BSA) a n d  an t ib io t i c s  to  give a v i rus  suspen-  
s ion c o n t a i n i n g  104.o EIDs0/0 .01 ml.  Us ing  a H a m i l t o n  syr inge  f i t t ed  to  a 25-gauge 
scalp ve in  in fus ion  s tyler ,  0.01 m l  of v i rus  was  i n o c u l a t e d  in to  t he  an t e r i o r  na res  of 
e ach  ra t ,  as desc r ibed  p rev ious ly  (11). A t  i n t e rva ] s  a f t e r  v i rus  inocu la t ion ,  groups  of 
r a t s  were  killed, a n d  t h e  lungs  a n d  t u r b i n a t e s  r e m o v e d ;  these  t i ssues  were  s epa ra t e ly  
s u s p e n d e d  a t  a c o n c e n t r a t i o n  of 20 pe r  cen t  (v/v)  in  P B S  c o n t a i n i n g  2.0 pe r  cen t  (v/v)  
B S A  a n d  an t ib io t i cs ,  a n d  g r o u n d  w i t h  a pes t le  a n d  m o r t a r  in  c a r b o r u n d u m  powde r ;  
t h e  r e su l t i ng  e x t r a c t s  were cen t r i fuged  a t  3000 r p m  for  20 m i n u t e s  a t  4 ° C, a n d  t h e  
s u p e r n a t a n t s  s to red  a t  - - 80  ° C pr io r  to  v i rus  t i t r a t i o n .  

Virus Titrations 
The  l u n g  a n d  t u r b i n a t e  e x t r a c t s  f rom v i rus - in fec ted  i n f a n t  r a t s  were  t i t r a t e d  for 

v i rus  b y  t h e  a l l an to ic -on-she l l  (AOS) m e t h o d  (3). E a c h  v i rus  d i lu t ion  was i nocu la t ed  
o n  AOS f r a g m e n t s  f rom four  d i f fe ren t  eggs, s ince eggs v a r y  in  s ens i t i v i t y  to  in f luenza  
v i rus  infect ion.  Af t e r  i n c u b a t i o n  for  t h r e e  days  a t  33 ° C w i t h  c o n s t a n t  shaking ,  t he  shell  
f r a g m e n t s  were r e m o v e d  a n d  t h e  cu l tu re  f luids t e s t ed  for v i rus  b y  h a e m a g g l u t i n a t i o n .  
The  v i rus  t i t r cs  {egg-bi t  infec t ious  doses [ (EBIDs0) ] /pe r  0.05 ml} were  ca lcu la ted  b y  
t h e  m e t h o d  of REED a n d  M ~ E ~ e E  (20). 

Haemophilus Influenza Type b 
A h e a v i l y - e n c a p s u l a t e d  s t r a i n  of H. influenza type b, s t r a i n  P e k a l a  (HIb) ,  i so la ted  

f rom a p a t i e n t  w i t h  m e n i n g i t i s  a n d  pas saged  i n t e r p e r i t o n e a l l y  in  r a t s  (10), was  used  
t h r o u g h o u t  ; t h e  m e t h o d  for growing,  s to r ing  a n d  r e c o n s t i t u t i n g  H I b  for i nocu la t i on  in to  
i n f a n t  r a t s  ha s  been  desc r ibed  p rev ious ly  (11). A suspens ion  of 3 .7×  106 v iab le  I-IIb 
organisms/0 .01  m l  of i so tonic  sal ine was used  to  inocu la t e  r a t s  two  days  a f t e r  v i rus  
i n f ec t i on  ; t he  m e t h o d  of i n t r a n a s a l  i nocu l a t i on  was iden t ica l  to  t h a t  used  for in f luenza  
v i ru s  inocu la t ion .  A t  t he  t i m e  of r a t  i nocu la t i on  a v iab le  c o u n t  was  car r ied  ou t  on  each  
t t I b  suspens ion  to ensure  t h a t  t h e  cor rec t  n u m b e r  of H I b  were  given,  since th i s  has  been  
f o u n d  to be  i m p o r t a n t  (8). 

Th ree  days  fol lowing i n t r a n a s a l  i nocu l a t i on  of r a t s  w i t h  H I b ,  t h e  an ima l s  were 
d e c a p i t a t e d  a n d  a s ample  of free-f lowing b lood  col lected in a cap i l la ry  tube .  A 1 :10  
d i l u t i on  of b lood  was p r e p a r e d  in  i so tonic  saline,  a n d  t h e  c o n c e n t r a t i o n  of o rgan i sms  
m e a s u r e d  b y  v iab le  c o u n t i n g  on  chocola te  agar ,  as descr ibed  p rev ious ly  (11). A t  t he  
t i m e  of e x a m i n a t i o n  r a t  heads  were r emoved ,  s k i n n e d  a n d  f ixed in  buf fe red  fo rmal in  
for  7 - - 1 0  days .  Af te r  f ixa t ion ,  t he  spec imens  were  t r e a t e d  w i t h  decalc i fy ing so lu t ion  
for  two hour s  (RDO,  B e t h l e h e m  I n s t r u m e n t s  Ltd . ,  Pa rad i se ,  H e m m e l  H e m p s t e a d ,  
Her t s ) ,  t r i m m e d  to  p roduce  coronal  a n d  sag i t t a l  blocks,  f u r t h e r  decalcif ied for  I : 5 hou r s  
a n d  t h e n  processed  a n d  sect ioned.  Sect ions  were s t a i ned  w i t h  h a e m o t o x y l i n  a n d  eosin,  
a n d  e x a m i n e d  h is to logica l ly  for ev idence  of men ing i t i s  (15). 

Results 

Control Viruses in In /an t  Rats 

V i r u s  R e p l i c a t i o n  

I n  e a c h  se t  of e x p e r i m e n t s  t o  s t u d y  t h e  b e h a v i o u r  of r e c o m b i n a n t  v i r u s e s  i n  

n e w b o r n  r a t s ,  a pa r a ] l e l  i n v e s t i g a t i o n  of c o n t r o l  v i r u l e n t  A / V i c t o r i a / 3 / 7 5  a n d  

a t t e n u a t e d  4 A 2  i n f l u e n z a  v i r u s e s  w as  c a r r i e d  o u t ;  t h e  b e h a v i o u r  of t h e s e  t w o  

s t r a i n s  was  f o u n d  to  b e  r e p r o d u c i b l e  f r o m  e x p e r i m e n t  t o  e x p e r i m e n t .  T h e  m e a n  

t i t r e s  of v i r u s  f o u n d  i n  f o u r  r a t  t u r b i n a t e s  a n d  l u n g s  a t  v a r i o u s  t i m e s  a f t e r  intra- 
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nasal  inoculat ion with 104.0 EID50 of influenza A/Victoria/3/75 virus is shown in 
Figure 1. A peak t i t re  of 10 H EBID50/mI was detected in t u rb ina t e  extracts  a t  
48 hours following virus inocula t ion;  after this t ime the t i tres fell, and  on day  
six the t i t re  was 102.a EBIDs0/ml.  The t i t res of virus present  in  lung extracts  were 
lower t h a n  those in the tu rb ina tes  in the early period of observat ion:  thus,  peak 
t i tres of 104.3 EBID50/ml were found at  48 hours post- inoculat ion;  these levels 
subsequent ly  fell, and  on day  three and  four, virus t i tres were similar to those 
seen in  tu rb ina te  extracts (Fig. 1). I n  contrast ,  the ti tres of virus detected in the 
tu rb ina tes  of in fan t  rats  infected with inf luenza virus 4A 2  were significantly lower 
t h a n  found in  inf luenza A/Victoria/3/75 virus-infected animals :  the greatest  
concentra t ion of virus was detected a t  48 hours post inoculat ion,  when the tu rb ina te  
extracts  conta ined  104.s EBIDso/ml  and  lung extracts  contained 104-0 EBIDs0/ml  
of virus.  The t i tres of virus fell progressively after this t ime (Fig. 1). 

h/Victoria/3/75 4A_~ 
7.0 7.0 

5,0 5.0 

d 4,0 / ~ - - - ~  4.0 

~ 3,0 ~ 3,0 

= 2.0 2.0 

~ 1.0 1.0 - 

~'  <1.0 <1.0- 

Time )days post-inoculation) 

o----oTurbinate 14omogenate ,) ,, Lung Homogenate 

Fig. 1. Growth of control influenza viruses in infant rat turbinate and lung tissue 

Table 1. Incidence o/bacteraemia and meningitis in rats ]ollowing influenza virus injec- 
tion, and subsequent inoculation with H. influenzae type b 

No. rats with bacterial infection b 

Bacteraemia Meningitis 

Infecting virus~ No. % No. % 

Control A/Victoria/3/75 9/12 75 5/12 42 
viruses 4A2 3/11 27 1/11 9 

Nil 0/12 -- 0/12 -- 

Parental  A/Ann Arbor/6/6O 6/12 50 5/12 42 
viruses A/Ann Arbor/6/60--7 PI 2/12 17 0/12 -- 

A/Queensland/6/72 i0/I0 I00 10/12 83 

l~ecombinant A/AA/6/60--CI~ 6 1/12 8.3 0/12 -- 
vil~ses CI~ 19, Clone 6 0/11 -- 0/12 -- 

CR22, Clone 5 0/12 -- 0/12 -- 
C1~22, Clone 1 1/12 8.3 0/12 -- 

a Each rat inoculated i/n with 104.0 EID~0 of virus in an 0.01 ml volume 
b Each rat inoculated with 3.7 × 106 colony forming units of H. in/luenzae type b at 

48 hours after virus infection 
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Incidence of Bacterial Infection 

Forty-eight  hours following infection with t04.0 EID50 of influenza virus, 
each ra t  was inoculated with 3.7 × 106.° CFU of H I b  ; the incidence of bacteraemia 
and meningitis in these animals was determined 48 hours after bacterial infection. 
The results ar~ shown in Table t. For  rats  previously inoculated with A[Vietoria/ 
3/75 virus, nine of 12 (75 per cent) developed bacteraemia five of 12 (42 per cent) 
showed evidence of bacterial meningitis. In  contrast, for animals inoculated with 
4A2 virus only three showed developed baeteraemia (27 per cent) and one (9.1 per 
cent) developed meningitis. None of the control animals given bacteria only 
developed either baeteraemia or meningitis (Table 1). Thus, the incidence of 
baeteraemia and meningitis following H I b  inoculation was significantly higher 
for animals given virulent A/Victoria/3/75 virus than for those given at tenuated 
4A2 virus (P = <0.025). 

Parental Influenza Viruses in In/ant Rats 

Virus ]~eplication 

The replication of wild-type A/Ann Arbor/6/60 virus, cold-adapted A/Ann 
Arbor/6/60--P 17 virus, derived from the wild-type strain, and A/Queensland/76/2 
viruses, the latter two being the parental strains used for the production of 
recombinant virus strains, was studied in infant rats. The results are shown in 
Figure 2. For influenza virus A/Ann Arbor/6/60, peak mean virus titres were 
detected in the turbinates at  48 hours post-inoculation, when the titre was 
104.6 EBID5o/ml; the virus titres declined sharply after this time, and no detectable 
virus was found in the turbinate extracts made on days five and six. In  contrast, 
virus titres in rat  lung extracts remained fairly constant with titres of 102.s to 
104.6 EBIDa0/ml detected during the observation period. The results of similar 
experiments carried out with cold-adapted strain A/Ann Arbor /6 /60--PI  7 showed 
a distinct growth pat tern in rats to the wild-type parent. Thus, virus was not 
detected in turbinate extracts on days one or two following intranasal inoculatioa 
with 104.o of A/Ann Arbor /6/60--TPI;  subsequently titres rose to a maximum 
of 103.6 EBIDs0/ml on day 6. Titres in lung extracts were maximal on day  2 to 
4 post-inoculation but virus was not detected in extracts collected on days one, 
five and six following virus inoeulation (Fig. 2). The titres of virus detected in the 
turbinates and lungs of infant rats inoculated with A/Queensland/6/72 virus 
showed peak titres in both lungs and turbinates at  24 hours, post-inoculation; 
the titres declined rapidly after this time, and virus was not detected in the lungs 
on days four and five following virus infection (Fig. 2). 

Incidence of Bacterial Infection 

The incidence of baeteraemia and meningitis in infant rats  inoculated with 
104.0 EIDs0 of the parental  strains of influenza virus and subsequently challenged 
with 3.7 × l06 CFU of H I b  is shown in Table 1. The incidence of baeteraemia was 
50--100 per cent for rats inoculated with wild-type A/Ann Arbor/6/60 and A/ 
Queensland/6/72, and the incidence of meningitis was 42 and 83 per cent, 
respectively. In  contrast, only 2 of the 12 rats (17 per cent) developed t I I b  
baeteraemia following prior inoculation with cold-adapted A/Ann Arbor /6 /60--PI  7 
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Fig. 2. Growth of parent influenza viruses in infant rat turbinate and lung tissue 
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virus, and none of the animals showed evidence of meningitis. The results indicate 
that  two wild-type strains of virus predisposed infant rats to a high level of sub-  
sequent bacterial infection, whilst the a t tenuated strain did not. 

Recombinant Viruses in In/ant Rats 

Virus Replication 

Following inoculation of infant rats  with recombinant viruses A/Ann Arbor[  
6/60--CR6, CR 19-clone 6 and CR22-clone 1 or CR22~clone 5, virus titres present 
in turbinate extracts were relatively low; thus, following intranasal inoculation 
with 104-0 EIDs0 of virus, peak virus titres were detected at  day 1--2 post-inocula- 
tion (Fig. 3) ; these titres varied from 108.6 EBIDs0/ml for A/Ann Arbor/6/60--Cl~ 6 
to 10 u.3 EBIDs0/ml for CR22-clone 5 (Fig. 3). The titres of virus in lung ex t rac t s  
showed highly individual behaviour. For  A/Ann Arbor/6/60--CR6 virus, low 
titres were found on day  one and two post-inoculation, and virus could not be~ 
detected after this time. In  contrast, for viruses CR 19-clone 6 and CR22-clone 1, 
peak titres were found in the lungs early after infection, and subsequently fell~ 
whilst for the CR22-clone 5 strain no virus was found on day one, postdnoculation, 
but  virus at  titres of 102-° EBIDs0/ml and 102.6 EBIDs0/ml found on days two- 
and five, respectively, following virus inoculation (Fig. 3). 

Incidence of Bacterial Infection 

The incidence of bacteraemia and meningitis in infant rats inoculated with 
H I b  48 hours after infection with recombinant influenza viruses is shown in_ 
Table 1. Only one animal previously inoculated with A/Ann Arbor/6/60--CR 6 
and one animal inoculated with CR22-clone 1 developed bacteraemia; none of 
these animals given CR19-clone 6 or Cl~22-clone 5 developed systemic bacterial 
infection. In  addition, bacterial meningitis was not detected histologically in a n y  
of the animals inoculated with these recombinant viruses (Table 1). 

Correlation o/ Results 

From the results of previous studies, the parameters  of influenza virus infec- 
tion of infant rats which discriminated best virulent and at tenuated strains ar~ 
the virus titres present in turbinate extracts at  48 hours after intranasM inocula- 
t ion of rats  aged 48 hours with 104.0 EIDs0 of virus; the virus titres in the lung 
show no discrimination (8, 11). In  addition, bacterial infection with 105--106 H I b  
organisms gave the most  discriminating results for bacterial infection (8). The~ 
results obtained for the present series of viruses using these criteria are shown in 
Table 2. The three virulent strains of influenza virus A/Victoria/3/75, A/Ann 
Arbor/6/60 and A/Queensland/6/72 each grew to relatively high titres in t he  
turbinates of infant rats ;  the titres at  48 hours post-inoculation varied from 10 ~-2 
to 106-s EBIDs0/ml of tissue extract.  In  contrast, the five a t tenuated virus strains- 
tested grew to lower titres; at 48 hours post-infection, the titres of these viruse~ 
present in turbinate extracts varied from 102-6 EBIDs0/ml for CR19-clone 6 t o  
104-1 EBIDs0/ml A/Ann Arbor/6/60--TPI.  The ability of the influenza virus. 
strains to enhance subsequent H I b  infection also differed for virulent and attenuat-- 
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ed strains (Table 2). Thus, for the three virulent strains the incidence of HIb  
bacteraemia varied from 50--100 per cent, whilst the incidence of meningitis was 
42 and 83 per cent for the two strains tested. In contrast the ability of the 
attenuated virus strains to enhance bacterial infection was markedly lower; the 
incidence of bacteraemia varied from 17 per cent for A/Ann Arbor/6/60--7 P I  to 
nil for CR t9-clone 6 and Cg22-clone 5 virus strains. None of the attenuated viruses 
enhanced HIb  meningitis in infant rats. 

Table 2. Correlation between virus virulence for man, growth in rat turbinates and abigity 
to enhance HIb  injection/or various influenza strains 

Virus 
Incidence of HIb infection b 

pathogen- Titre of virus 
icity (EBIDso/ml) Bacte- Menin- 
for man Virus sf.rMn in turbinates a raernia (~o) gitis (%) 

Virulent 

Attenuated 

Control 

A/Vict, oria/3/75 10 ~.s 9/t2 (75) 5/t2 (42) 
A/Ann Arbor/6/60 10 s.~- 6/12 (50) NT 
A/Queensland~6~72 106.2 10/10 (100) 10/12 (83) 

A/AA/6/60--7 PI  l0 ad 2/12 (17) 0/12 (--) 
A/AA/60--CR 6 10 a.o 1/t2 (8.3) 0/12 (--) 
CR19 clone 6 102'~ 0/J1 (--) 0/12 (--) 
C1~22 clone 1 10 ~.a 1/~2 (8.3) 0/12 (--) 
C1~22 clone 5 10 ~.s 0/12 (--) 0/12 (--) 

Nil -- 0/12 ( ) 0/12 (--) 

At 48 hours p.i. following inoculation with 104 EIDs0/0.01 ml 
b 105__106 ttlb/0.01 ml inoculated 48 hours after virus infection 

Discussion 

The suggested laboratory methods for measuring the virulence of influenza 
viruses for man have included the effects of virus replication in ferrets (4, 7, 19, 
23), virus replication in hamster lung (16), and growth in organ cultures of human 
and ferret tracheal tissue (13, 14) ; however, either the results have failed to give 
a complete correlation between virulence for man (6), or the studies are not yet  
sufficiently extensive to allow judgement. The more recently developed techniques 
of specifically identifying I~NA segments of the influenza virus genome could 
theoretieMly Mlow an identification of those genetic elements which singly or 
collectively- express the property of human virulence (18), but again data support- 
ing this theory is lacking at the present time. Studies from this laboratory have 
indicated that  the response of infant rats to influenza virus ilffection may be 
distinct for virulent and attenuated virus strains; thus, strains virulent for man 
grew to relatively high titre in infant rat turbinates and enhanced subsequent 
bacterial infection by HIb,  whilst attenuated strains grew to significantly lower 
titres in rat turbinates and failed to enhance subsequent bacterial infection to 
the s~me degree (8, 10, 11). A total of 11 influenza virus strains have been in- 
vestigated in this system to date, and for ten of these a direct correlation was 
found between virulence for man and the effects on infant rats. The exception was 
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inf luenza virus A/PR/8 /34  which is non-infect ious for m a n  (1) b u t  grew to high 
t i tres in  ra t  t u rb ina te s  and  enhanced marked ly  subsequent  H I b  infect ion (11). 
All the strains examined in  these studies were either wild-type viruses or re- 
combinan ts  of wild-type and  A/PR/8/34  viruses;  i t  remained  u n k n o w n  if the 
in fan t  r a t  model would be of value in  assessing h u m a n  virulence in  studies of 
r ecombinan t  s t ra ins  produced from other pa ren t  viruses. 

I n  the present  s tudy,  we have examined inf luenza virus strains produced b y  
recombina t ion  of v i ru len t  and  cold-adapted A/AA/6/60- -7  P I  viruses. The results 
indicated t ha t  for three wild-type viruses and  five a t t enua t ed  recombinan t  viruses 
complete correlation was found for h u m a n  virulence and  the effects of virus infec- 
t ion  on in fan t  rats.  These results, together with those of previous studies (8, 11) 
support  the suggestion t ha t  the in fan t  ra t  ma y  be a valuable  model for assessing 
virus virulence for man.  I t  is necessary, however, t ha t  studies of this  model 
should be extended to include fur ther  wild-type viruses and  recombinan t  viruses 
produced by  other methods,  such as recombina t ion  wi th  the a t t enua ted  s t ra in  
A /0kuda /78  ( H 3 N 2 )  (5, 12) and  mutagen- induced  ts s t rains (16, 17). These 
studies are now in  progress. 
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