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Summary 

Twenty-four volunteers at the Common Cold Unit were divided into two groups 
of twelve. One group was vaccinated orally with an enterovirus (LEV 4) and the 
other with nutrient broth. Both groups were challenged three days later with intra- 
nasal rhinovirus I and they were observed clinically and monitored by laboratory 
tests to see if any modification of the rhinovirus infection occurred. 

All&he vaccinated volunteers were successfully infected with LEV 4 and were 
excreting the enterovirus in the faeces at near maximum titres at the time of the 
rhinovirus infection, following which 67 per cent of the volunteers were infected 
and 29 per cent developed symptoms. However, the vaccinated group did not 
differ from the unvaccinated in respect of the illness induced, the excretion of 
rhinovirus type 4 or the rise of RV4 antibody titre. LEV4 was isolated from the 
nasopharynx of some of the volunteers, but the rhinovirus infection was not 
modified even in these. Interferon was present in the serum and nasal washings 
of nine volunteers in all, of whom only 3 had received the LEV 4 vaccination. 

Two additional volunteers were shown to be insusceptible to reinfection with 
LEV4. I t  was concluded that  live enterovirus vaccination does not induce viral 
interference. 

1. Introduction 

Since many serotypes of viruses cause acute respiratory disease, vaccination 
against most of them is impracticable. The exploitation of viral interference for 
prophylaxis is especially attractive because of its wide application and the possi- 
bility of offering protection against agents for which no other means of prophylaxis 
is currently available. 

I t  appears that acute respiratory disease in man can be prevented by viral 
interference. TYR~ELL and R~EO (1) showed that volunteers inoculated with 
influenza during the incubation period of a rhinovirus were protected against 
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influenza infection, a l though this protect ion did no t  occur dur ing the incuba t ion  
period of a coronavirus.  However,  both  viruses pr imar i ly  affect the respiratory 
system, so tha t  pure ly  local factors may  have operated. Interference by  a hetero- 
logous virus was observed by  VS~LLA et al. (2) when they  showed tha t  pre-school 
children vaccinated against  rubella were protected against  acute upper  respiratory 
t rac t  illness for a t  least 12 weeks after vaccinat ion.  This protect ion was greater  
t h a n  tha t  afforded by  a parainf luenza virus vaccine. 

Recent  epidemiological evidence from the U.S.S.R. has suggested t ha t  inter-  
ference m a y  be exploited by  giving a live enterovirus  as a vaccine to prevent  viral  
respira tory disease, and  tha t  the protect ion induced is mediated by  circulating 
interferon.  VOROSRInOVA (3) reported tha t  an  enterovirns  vaccine had been 
successfully used for the prophylaxis  of influenza and  other acute respiratory 
diseases. I n  m a n y  trials, a 1.9 to 5.1-fold reduct ion in the incidence of these 
diseases was observed in vaccinees. Fur thermore ,  interferon was measurable in the 
blood, nasal  washings and  urine of vaccinees, the m a x i m u m  titres being observed 
on the 5th to 8th days. However,  no studies of the efficacy of the procedure in an 
isolation un i t  have been reported. We thought  it  impor t an t  to s tudy  the effect 
of a vaccine in isolated volunteers  both  by  measur ing interferon product ion  and  
by  the results of challenge with an interferon-sensit ive virus. 

2. Materials and Methods 

2.1. Vaccine 

The enterovirus, live epidemiological vaccine type 4 (LEV4), was kindly supplied 
by Professor M. X. Voroshilova. The virus was completely neutralised by W.I-I.O. 
reference echo type 1 antiserum in monkey kidney tissue culture. Other agents were 
excluded by cultivation in standard bacteriological media and tissue cultures. The 
pathogenicity of L E V I  for the central nervous system of cynomolgus monkeys 
(~FI. irus) was tested at the National Inst i tute  for Biological Standards and Control. 
The vaccine was injected directly into the thalamus and lumbo-saeral region of the 
spinal cord of 24 animals. There were no clinical or histological responses attr ibutable 
to viral activity. 

2.2. Challenge Virus 

The challenge virus, rhinovirus type 4 (RV4) was prepared from nasal washings of 
infected volunteers and had not been passaged in tissue culture. 

2.3. Procedures in Volunteers 

The subjects were healthy adults aged 18--50 who were housed in isolation at the 
Common Cold Unit,  Salisbury, and observed by standardised methods described by 
Tu (4). All clinical assessments were made under double blind conditions and 
at the end of the trial a clinical symptom score was calculated for each volunteer. We 
excluded volunteers with serum haemagglutination inhibition (HAI) titres of 1 in 4 
or more against RV4 using the method of :REED and IIALL (5). 

2.g. Specimens and Isolation o / L E V g ,  R V g and Inter/eron 
Throat swabs and faeces for enterovirus ti tration were collected before LEV4 

inoculation and before and after RV 4 challenge. Nasal washings for I~V 4 titration and 
interferon were ccllected before and on sever M oceassions after the :RV4 challenge. 
Blood was taken before the LEV 4 inoculation, on alternate days for 6 days afterwards, 
and about 17 days after rhinovirus challenge. ~ The first and last sera were used to 
measure t IAI  and neutralising antibodies to RV4;  interferon was measured in all 
specimens. All specimens were collected from both test and control groups. 



108 T . H . J .  MATTHEWS, SYLVIA E. REED, and D. A. J. TYRRELL: 

Faeces were homogenised with sterile applicator sticks to make a 10 per cent suspen- 
sion in nutrient broth with antibiotics. Throat swabs were collected into a similar 
medium. Isolations and titrations were performed in continuous monkey kidney tissue 
culture, either VERO or V3, in which the enterovirus produced typical eytopathie 
effect. Both these cell lines were insensitive to rhinovirus type 4. 

Nasal washings were tested in parallel in rhinovirus-sensitive HeLa cells as de- 
scribed by S$OT~ and TYRRELL (6), and in monkey kidney cells. SpecimEns showing an 
enterovirus eytopathie effect in monkey kidney cells were re-tested in HeLa cells in the 
presence of antiserum to echovirus 1, used at 30 times its neutralising titre. This proce- 
dure effectively suppressed growth of at least 1000 TCDs0 of LEV4 while leaving the 
growth of RV4 unaffected. 

Sera were screened for interferon by a plaque reduction method of MERmA~r (7) 
using bovine vesicular stomatitis virus in the semi-micro method of Zm~AX and MERt- 
GAN (8). Titration of the referenee human interferon preparation B69/19 showed 
inhibition by 0.1 to 1 i.u. of human interferon per ml of sample tested. Samples were 
tested at a dilution of 1 : 10 to exclude non-specific interference. 

3. Results 

3.1. Pattern o/Enterovirus Excretion o/ Volunteers 

All volunteers  in the test  group were successfully infected with  L E V 4  (Table 1). 

Their  pre- inoeulat ion specimens, and all the control  group specimens, showed no 

enterovirus.  Table 1 shows tha t  the L E V 4  was isolated from the nasopharynx  of 

near ly  half of those inoculated.  Dai ly  t i t ra t ions  of faeces of 5 volunteers  showed 

tha t  excret ion of L E V 4  was max imal  on days 4 or 5; overall,  excret ion of L E V 4  

was near  m a x i m u m  on days 1 or 2 so tha t  infection was well established when the 

volunteers  were challenged with rhinovirus.  

Table 1. Isolation and Titration o/ Enterovirus (LEV4)  /tom Volunteers: LEV4 
Vaccination on Day 0 

Proportion of Mean and range of titres in fa33es 
volunteers from whom Geometric mean titres: 
LEV4 was isolated log10 TCDs0 per ml l0 per cent suspension 

Faeces Nose or throat Day 1 or 2 Day 4 or 5 

Nutr ient  broth 
(control group) 0/12 0/12 0 0 

LEV4 
(test group) 12/12 5/12 3.2 (1.5--5.2) 3.9 (3.2--5.2) 

3.2. Overall E]/ects o] Rhinovirus 4 Challenge 

Effects of challenge were moni tored  by both  clinical response and virological 

evidence of infection, namely  the isolation of R V 4  from one or more nasal washings 
or a four-fold or greater  rise in s t rum H A I  or neutral is ing an t ibody  t i t re  to RV4.  
Al though only 25 per cent developed symptoms  and 60 per cent were infected of 
the control group, no overall  reduct ion in illness or infection was induced by prior  

L E V 4  inoculat ion (Table 2). 
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Table 2. E/]ects o/ Prior L E V  4 Inoculation on Rhinovirus 4 In/ection o/ Volunteers 

Mean titre of Fourfold Virus 
l~'umber RVr 1~V4 in nasal rise in titre isolation, 

Inoculum Site of of SymI)- Mean isolated washings of antibody 
for excretion of volun- toms clinical once or (log~0 TCDs0 antibody rise 
volunteers LEV4 reefs present score more per ml) to :RV4 or both 

N u t r i e n t  None  12 3 9.7 7 1.05 4 7 
b ro th  
(controls) 

L E V 4  Faeces,  or 12 4 10.3 8 1.10 2 9 
(test faeces and 
group) nasopharynx 

L E V 4  N a s o p h a r y n x  5 1 7.6 3 1.02 0 3 
(par t  of and  faeces 
tes t  group) 

L E V 4  Faeces  only 7 3 12.3 5 1.15 2 6 
(part of 
test group) 

EFFECT OF LEV 4 VACCINAT)ON 'TAKE' IN 
NASOPHARYNX ON MEAN DAILY RV4 EXCRETION. 

2.0 D : NUTRIENT BROTH (control group) 
�9 = LEV 4 (test group) 
A = LEV 4 ISOLATED FRCIM NASOPHARYNX 

(part test group) 
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Fig.  1. Rh inov i rus  4 was given by  in t ranasa l  inoculat ion on day  0 and  the  dai ly excre- 
t ion of R V 4  measured  in nasal  washings  was followed in those  given n u t r i e n t  b r o t h  
(control  group) and  L E V 4  (test  group).  No signif icant  difference in excre t ion  of the  
comm on  cold virus is seen in the  vacc ina ted  group. The m e a n  t i t res  are f rom 12 volun-  
teers  on days  2, 3 and  r and  f rom 5 volunteers  on days  1 and  5 in the  control  and  t e s t  
groups.  Mean t i t res  on days  2, 3 and  4 are also shown for the  five volunteers  who grew 
L E V I  f rom the  n a s o p h a r y n x :  t h e y  are no t  s ignif icant ly  delayed or lower t h a n  the  

controls  
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3.3. E//ect on Mean Daily R V 4 Excretion 

The mean titres of R V 4  in nasal washings were calculated for each day  (Fig. 1). 
Although the mean in the control group was slightly higher than  in the test group 
on the 3rd day  after rhinovirus challenge, this difference was not  significant. Rhino- 
virus excretion was not  delayed in the vaccinated group. 

3.4. E//ect o] Presence o/ L E V  4 in Nasopharynx 

The five volunteers f rom whom L E V 4  was isolated in the nasopharynx  were 
considered separately to see if local interference occurred. However,  none of the 
indices of R V 4  infection was significantly' lower in this group (Table 2), and calcula- 
t ion of the daily mean titl'eS of R V 4  in nasal washings (Fig. 1) confirmed tha t  no 
interference occurred locally on any  specific day.  

3.5. Presence o/Inter/eron in Serum and Nasal Washings 

Interferon was found in the serum on the 5th day  only (5 days after L E V 4  
or control inoculation and 3 days after R V 4  challenge) in three volunteers, two of 
whom had not  received LEV4.  Presence of interferon in serum therefore seemed 
to be related to rhinovirus challenge (Table 3). In ter feron in nasal washings 
(Table 3) also showed no relationship to L E V 4  vaccination. Four  of the seventeen 
volunteers who were symptom-free th roughout  the trial showed interferon in nasal 
washings compared with three of 7 who were symptomat ic .  Thus interferon in nasal 
washings was associated with symptoms  of rhinovirus infection bu t  the difference 
did no t  ~ehieve statistical significance at  the 0.05 level (%2 = 3.744, p <0.1) .  

Table 3. Presence o/ Inter]eron ( IF)  in Serum and Nasal Washings : Nutrient Broth 
or L E V  4 Vaccination on Day O; Rhinovirus 4 Challenge on Day 3 

Proportion of volunteers with IF  Proportion of volunteers with IF  
in serum in nasal washings 

No. 
Inoculum of Before Before 1%V4 
for volun- LEV4 Days 1 Days 7 challenge 
volunteers teers vaccination and 3 Day 5 and 21 (Day 2 or 3) Day 5 Day 6 Day 7 

Nutrient broth 12 0 0 2 0 0 0 5 1 
(control group) 

LEV4 12 0 0 i 0 0 2 1 I 
(test group) 

3.6. E//ect o/ Revaccination with L E V  4 

Two additional volunteers who were not  studied in isolation were successfully 
infected with LEV4 ,  but  they  were not  challenged with R V 4  and are therefore 
not  included in the previous results. L E V 4  was obtained from throa t  swabs and 
faeces of both  volunteers. The course of enterovirus excretion was followed at 
first daily, then weekly;  excretion definitely ceased after 12 weeks. NeutrMising 
antibodies to echo 1 virus in the serum rose after three weeks from titres of < 1/5 
to titres of 1/7 and 1/14. No interferon was demonstra ted in the serum at  any  
stage of the enterovirus infection. 
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These two volunteers  were given 106 TCDs0 L E V 4  three  mon ths  af te r  the  f irst  
infection.  Virus could no t  be grown from a n y  specimens of th~b/~t swabs or faeces, 
and  i t  was concluded t h a t  the  second close had  fai led to infect.  

4. Discussion 

Our resul ts  do no t  agree wi th  the  epidemiological  and  l a b o r a t o r y  d a t a  pre- 
v iously  r epor t ed  for L E V 4  b y  VoaosltmOVA (3). I n  ano the r  Russ ian  s t u d y  b y  
OBR0SOvA-S~RoVA et al. (9) a single dose of L E V 4  was no ted  to be ineffect ive in 
a contro l led  s t u d y  of the  p reven t ion  of an influenza epidemic.  SEIBtL et al. (10), 
in an  epidemiological  s t u d y  involving m a n y  thousands  of subjects ,  c la imed t h a t  
mul t ip le  doses of vaccine,  especial ly live pol iovirus  vaccine,  were mo te  effective 
t han  a single dose in reducing  r e sp i r a to ry  illness. However ,  sinee ~ e  c6uld no t  
achieve reinfect ion with  L E V r  i t  is diff icult  to see how mul t ip le  i'dose; could be 
more  effective. 

I f  v i ra l  in ter ference  is to be a useful m e t h o d  of p rophylax is ,  our s t u d y  should  
have  shown some effect, however  small ,  on the  resul ts  of rh inovi rus  challenge in the  
tes t  group.  All  of the  tes t  group were infected and  high t i t res  of L E V 4  were being 
excre ted  a t  the  t ime  of rh inovi rus  challenge. Never the less  no effect could be 
d e m o n s t r a t e d  on the  s y m p t o m s  produced ,  the  mean  to ta l  rh inovi rus  excret ion,  
the  mean  da i ly  rh inovi rus  excret ion,  or the  n u m b e r  of four-fold or g rea te r  rises 
in l~V4 a n t i b o d y  t i t re .  F u r t h e r m o r e  the  presence of the  in terfer ing virus  local ly  
in the  n a s o p h a r y n x  conferred no a p p a r e n t  a d v a n t a g e  in protec t ion .  

In t e r f e ron  was presen t  in nasa l  washings and  serum, bu t  i ts  presence was no t  
r e la ted  to L E V 4  vacc ina t ion ;  i t  was p r o b a b l y  a resul t  of rh inovi rus  challenge. 
In t e r fe ron  in the  nasa l  washings was to some degree re la ted  to the  expression of 
symptoms .  I t  does no t  appea r  t h a t  vacc ina t ion  with  live enteroviruses  will p rov ide  
a sa t i s fac to ry  me thod  for the  p reven t ion  of acute  r e sp i r a to ry  disease due to  viruses. 
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