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The present investigation was undertaken to determine if a candidate live
vaccine virus, influenza A/Hong Kong/68-ts-1 [E] (H3N2), induced heterologous
interference against an interferon-sensitive, wild-type, parainfluenza type 1
challenge virus. The parainfluenza virus was administered 7 days after Hong
Kong/68-ts-1 [E] virus infection. The clinical response, daily quantitative virus
shedding, interferon production, and serum and nasal wash antibody responses
were determined in an experimental group (influenza A virus followed by
parainfluenza virus) and 10 volunteers in a control group (parainfluenza virus
only). The volunteers were selected on the basis of susceptibility to the two
viruses, i.e., serum hemagglutination-inhibition antibody titer of < 1:8 for
influenza virus and low nasal wash antibody titer (< 1:8) for parainfluenza virus.
Despite a 100% infection rate in the Hong Kong/68-ts-1 [E] vaccinees, no
heterologous interference was induced against the parainfluenza type 1 virus
challenge.

A potential advantage of a live virus vaccine
might lie in its ability to stimulate early non-
specific resistance to related or unrelated vi-
ruses in addition to immunologically specific
resistance. Practical usefulness of such nonspe-
cific resistance would be in the prevention of the
selected infections such as nosocomial infec-
tions with homologous as well as heterologous
wild-type viruses (C. B. Hall and R. G. Douglas,
Pediatrics, in press). Nonspecific resistance in
humans between vaccine and wild-type virus
has been observed in many situations (25).
Interference between viruses that replicate in
the respiratory tract has been reported (3, 5, 6,
8, 9, 22, 23) but has not been observed in all
instances (13, 14, 22).
We sought to determine if a live, tempera-

ture-sensitive vaccine candidate influenza A
virus, influenza A/Hong Kong/68-ts-[E]
(H3N2), which stimulated low levels of inter-
feron in nasopharyngeal secretions of man (15),
could provide nonspecific resistance to a heter-
ologous, interferon-sensitive virus, parainflu-
enza type 1 (11). The parainfluenza type 1 virus
was given 7 days after administration of the
influenza virus to test whether heterologous
resistance was present early in the course of
immunization when one would be most likely to
detect it (8).

METHODS AND MATERIALS
Viruses. The parainfluenza type 1 virus was iso-

lated in primary African green monkey kidney
(AGMK) tissue culture from a child with an upper-
respiratory-tract illness. Primary monolayer cultures
of AGMK were prepared in 32-ounce (ca. 0.95 liters)
bottles using as growth media 50 ml of H-Lac (0.5%
lactalbumin hydrolysate in Hanks balanced salt solu-
tion [HBSSI) with 2% fetal bovine serum, free of
antibiotics. The bottles were incubated at 37 C, refed
3 days later with 50 ml of media, and incubated for an
additional 4 days before virus inoculation with 1 ml of
AGMK passage 2 seed virus containing 10 mean
tissue culture infective doses (TCID,0)/ml of parain-
fluenza type 1 virus. After a 2-day incubation at 35 C,
the bottles were washed twice with 100 ml of HBSS
and refed with 100 ml of medium 199 (Flow Laborato-
ries, Rockville, Md.) containing 10% of a lx concen-
tration of SPGA (sucrose, 0.218 M; KH2PO4, 0.0038
M; K2HPO4, 0.0072 M; potassium glutamate 0.0049
M; and human serum albumin, 1% [2]) with 50 jig of
neomycin and 10 Ag of chlortetracycline-hydrochlo-
ride per ml. The cultures were reincubated at 35 C for
an additional 5 days at which time no cytopathology
was apparent in infected or control cultures, but an
infected culture showed confluent hemadsorption
when tested with guinea pig erythrocytes. The cells
were harvested, subjected to 1 rapid-freeze-thaw cycle
in an attempt to release cell-associated virus, pooled,
and refrozen at -80 C before clarification. To 1,600 ml
of crude thawed fluid was added 2 g of celite no. 503
(Johns Manville, Denver, Colo.) suspended in 16 ml of
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sterile distilled water. This suspension was then
filtered through a coarse glass filter (1 by 8 inch; ca.
2.5 by 20 cm) which had been primed with a mixture
of celite no. 503 (10 g) and 0.05% gelatin in 800 ml of
sterile distilled water. A lOx concentration of SPGA
was added 1:10 to the filtrate, and the fluid was again
shell frozen before final storage at -140 C. The virus
suspension was found free of adventitious agents by
testing procedures previously described (12, 16). The
virus which titered 10605 TCID5iml in AGMK roller
tube culture was diluted 30-fold in medium L-15
before being administered intranasally (1 ml) as a
coarse droplet spray using a no. 15 DeVilbis nebulizer.
The isolation, passage history, preparation, safety

testing, administration, and clinical testing of the
allantoic grown influenza A/Hong Kong/68-ts-1 [El
recombinant virus was described previously (17).
Volunteers received 107 0 TCID5o intranasally by De-
Vilbiss no. 15 coarse droplet atomizer. The results are
presented here again for the purpose of orientation.
The Sindbis virus (used in the interferon assay) was

passaged multiple times in primary chicken embryo
fibroblast monolayer cultures and titered 1080 plaque-
forming units/ml on chicken embryo fibroblast mono-
layer cultures.

Clinical studies. The present study was carried out
at the Lorton Reformatory in Lorton, Va. Informed
consent was obtained from each volunteer prior to his
participation in the study. To insure susceptibility to
the parainfluenza 1 virus challenge, volunteers were
selected on the basis of a low level of nasal wash
antibody (<1:8) to parainfluenza type 1 virus regard-
less of serum antibody level (21). These volunteers
were further subdivided into two groups of 10 men
each: (i) one group with low levels of serum hemag-
glutination-inhibition (HI) antibody (<1:8) to influ-
enza A/HK/68 virus (H3N2) received the ts-1 [E] virus
vaccine followed by parainfluenza type 1 virus chal-
lenge 7 days later, and (ii) a control group with higher
levels of serum HI antibody to influenza A/HK/68
virus (> 1:8) who received only parainfluenza type 1
virus. Parainfluenza type 1 virus was administered 7
rather than 2 or 3 days (time of peak interferon titer)
after the Hong Kong/68-ts-1 [E ] virus for the following
three reasons. (i) The reactogenicity and the genetic
stability of the influenza ts virus would be obscured if
the parainfluenza virus was administered sufficiently
early that both viruses would be replicating simulta-
neously; (ii) if the period of resistance to a heterolo-
gous virus were not evident 7 days after administra-
tion of Hong Kong/68-ts-1 [El virus, then the chance
for this type of resistance to have practical applica-
tions would be small; and (iii) previous work had
demonstrated heterologous resistance at 2 and 5
weeks after a specific respiratory virus infection (8).
Although the groups were not matched identically for
serum HI antibody to influenza A virus, this was
considered an advantage because it would tend to
prevent unwanted spread of the ts-1 [E virus from the
vaccinees to the controls. After 3 days in isolation in a
dormitory, the experimental group received 107.0
TCID.0 of the ts-l [E] vaccine virus intranasally.
Seven days later the control group was admitted to
the same dormitory, and on that day both groups
received 1050° TCIDO0 of the parainfluenza type 1 virus
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intranasally. The control group was admitted on day 7
to minimize the chance of spread of virus from the
ts-1 [E] virus vaccinees to the control group. In fact,
no shedding of the ts-I [E] virus was detected after
day 5 postinoculation.

For the first 7 days, nasopharyngeal wash speci-
ments were collected daily in veal infusion broth
containing 0.5% gelatin. Each specimen was inocu-
lated into four primary rhesus monkey kidney culture
tubes in an attempt to recover influenza virus. Simi-
lary, after parainfluenza type 1 virus administration,
each nasopharyngeal wash specimen was inoculated
into four primary AGMK culture tubes to recover
parainfluenza virus. For interferon determination,
daily nasopharyngeal wash specimens were collected
with 5 ml of serum-free Eagle no. 2 medium into each
nostril followed by gargle with 10 ml of medium. This
procedure was repeated 30 min later, and the collec-
tions were pooled. Antibiotics were added to the
pooled nasopharyngeal specimen to achieve a final
concentration of 250 U of penicillin, 250 jg of strep-
tomycin, and 50 U of amphotericin per ml. Blood (40
ml) was collected for serological studies before admin-
istration of parainfluenza virus and at weekly inter-
vals thereafter for 4 weeks. Weekly saline nasal
washings also were collected and concentrated with
Aquacide (Calbiochem). Concentrated nasal wash-
ings were adjusted to 20 mg of immunoglobulin A/100
ml before being tested for antibody titer.
Measurement of infectivity, neutralizing anti-

body, and HI response. Infectivity was determined
by the hemadsorption technique using rhesus monkey
kidney tissue culture tubes for influenza virus and
AGMK for parainfluenza virus. Neutralizing anti-
body was measured in rhesus monkey kidney tube
cultures for both viruses by the techniques previously
described (22). Nasal wash antibody was measured by
using the neutralization test.

Interferon determination. Interferon was assayed
by the method of yield inhibitibn of Sindbis virus
hemagglutinin in human foreskin fibroblast culture
(Biofluids HFS-1 strain at 10th to 15th passage) as
previously described (18). Nasopharyngeal (NP) wash
specimens that were collected in Eagle no. 2 media
were applied to the monolayer undiluted or at 1:5 and
1:50 dilutions for assay. NP wash specimens that were
collected in veal infusion broth containing 0.5% gela-
tin were assayed at a starting dilution of 1:5. The
interfering activity detected in NP wash specimens
had been characterized previously (15). The speci-
mens collected in this study possessed the following
characteristics of interferon: (i) extensive washing of
cultures which have been preincubated with NP
washings failed to reverse interfering activity against
Sindbis virus challenge and (ii) stability at pH 2 for 48
h.

Determination of interferon sensitivity of para-
influenza type 1 virus. Primary human embryonic
kidney tube cultures (Flow Laboratories) were treated
with varying concentrations of human interferon di-
luted in medium consisting of 1 part medium 199 and
1 part Eagle no. 2 (National Institutes of Health
media production unit) with 250 U of penicillin, 250
jgg of streptomycin, and 50 U of amphotericin per ml.
The human interferon was prepared for the Antiviral
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Substances Program, National Institute of Allergy
and Infectious Diseases, by K. Cantell from human
leucocytes stimulated with Sendai virus (4). After
incubation for 24 h at 37 C, the tubes were washed
with HBSS and inoculated with 0.2 ml of virus
suspension containing 105 TCID5dml of parainfluenza
type 1 virus or 107-4 plaque-forming units of Sindbis
virus. After 2 h of incubation at room temperature the
tubes were washed four times with medium, leaving
1.5 ml in each tube. The human embryonic kidney
tube cultures challenged with Sindbis virus were
harvested 24 h after virus inoculation and those with
parainfluenza virus 48 h after inoculation. The
amount of virus present in the tube culture challenged
with Sindbis virus was determined by measuring the
amount of hemagglutinin produced (18). The amount
of parainfluenza virus was determined by the
TCLD0Jml titer in rhesus monkey kidney tube cul-
tures. A reduction in virus yield resulting from the
antiviral action of interferon of 0.5 log10 was consid-
ered significant.

RESULTS
Sensitivity of parainfluenza type 1 virus to

interferon. Heterologous interference is be-
lieved to be mediated in part by the antiviral
action of interferon. The interferon sensitivity of
the challenge virus, parainfluenza 1 virus, thus
needed to be confirmed (11). This was deter-
mined by measuring, in the same experiment,
the ability of varying amounts of human inter-
feron to reduce the yield of parainfluenza 1 virus
and Sindbis virus, a virus known to be sensitive
to human interferon (18). As shown in Table 1,
parainfluenza 1 virus was clearly as sensitive to
human interferon as Sindbis virus and, there-
fore, represented an interferon-sensitive virus
challenge.

Infection of volunteers with influenza A/
Hong Kong/68-ts-1 [E] virus. The results of the
intranasal administration of 1070 TCID,O of the
egg-grown ts-1 [E:] virus have been presented as

TABLE 1. Sensitivity of parainfluenza type 1 virus
and Sindbis virus to human interferon in primary

human embryonic kidney tube cultures

Interferon Reduction in yield Reduction in yield
concn of parainfluenza of Sindbis virus'
(U/ml) virusa (log,.ml) (log,Jml)

None 0 0
3 0.5 0.6

10 1.2 >0.9
30 3.0 >0.9
100 >3.8 >0.9

a Infectious yield of parainfluenza virus determined
by hemadsorption technique in tube cultures of rhe-
sus monkey kidney tissue.

b Yield of Sindbis virus determined by hemaggluti-
nin production.

part of another study (17) and will only be
summarized here (Fig. 1). Importantly, all 10
volunteers were infected as indicated by shed-
ding of vaccine virus and/or a fourfold or greater
rise in serum antibody titer. In addition, the
geometric mean serum and nasal wash antibody
on day 21 was three-fourths that induced by a
virulent wild-type virus. These results indicate
that the volunteers underwent a moderately
extensive infection with the ts-1 [E ] vaccine
virus and thereby constituted an adequate
group to study the question of heterologous
interference by a vaccine virus. However, inter-
feron could not be detected in the nasopharyn-
geal washes of these volunteers, whereas it was
detected previously in 50% of another group of
volunteers who received 1060 TCID50 of bovine-
kidney-grown virus (18). Both undiluted washes
collected with Eagle no. 2 medium treated with
acid to pH 2 and other washes collected in veal
infusion broth diluted 1:5 and treated with anti-
influenza A/HK/68 antisera (15) failed to yield
detectable interferon activity in the present
study, although the laboratory reference inter-
feron yielded the expected titer. Since the level
of interferon induced by ts-1 [El virus previously
reported was low (geometric mean titer = 2.3
U/ml) and was detected in only 50% of volun-
teers (15), it is not surprising that it could not
be detected in this group even though the lower
limit of detectability of nasal wash interferon
was 1 U of interferon per ml of nasal wash.
Response of the ts-I [E] vaccinees and a

control group to parainfluenza 1 virus. The
clinical response of the ts-1 [El vaccinees and of
the controls to the intranasal administration of
105 ° TCID5O of parainfluenza type 1 virus given
intranasally is presented in Table 2. It appeared
that the two groups responded clinically in a
similar manner to the parainfluenza type 1
virus. There were no statistically significant
differences between ts- 1 [E] vaccinees and con-
trols in number of men ill, total number of days
of illness, day of onset of illness, average dura-
tion of illness, number of men with fever, and
total number of days of fever. These results
indicate that a previous infection with influenza
A/Hong Kong/68-ts-l[E] virus did not modify
the clinical response to parainfluenza virus in-
fection given 7 days after administration of the
ts-1 [E] virus.
The patterns of parainfluenza virus shedding

and interferon response of ts-1 El] vaccinees and
controls are presented in Fig. 1. All volunteers
shed virus, with the peak day of shedding in
both groups occurring 3 days after virus admin-
istration. There was no statistically significant
difference in the amount of virus shed between
the two groups on any single day or over the
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MEN WHO RECEIVED INFWENZA A (H3N2)-ts- I[E] VIRUS FOLLOWED 7 DAYS
LATER BY TYPE I PARAINFLUENZA VIRUS (lOvolunteers)

INFLUENZA A(H3N2)
-ts-I[E]VIRUS

PARAINFWENZA I VIRUS
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- *Number of menshedding mvirusm
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U
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0 3

t:6- MEN WHO RECEIVED ONLY PARAINFLUENZA I VIRUS (lOvolunteers) z
> F a 0 PARAINFLUENZA

4 O10 2304 0 2 1 41
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DAY AFTER INFLUENZA A (H3N2)-ts-I [E] VIRUS ADMINISTRATION

FIG. 1. Virus shedding and interferon response after Hong Kong/68-ts-1 [E] and parainfluenza type 1 virus
infections.

TABLE 2. Comparison of illness caused by parainfluenza virus in ts-1 [E]-vaccinateda and control"
,volunteers

No. of Total no. Avg day Avg duration No. Total no.

Group o.o No. ill of days of onset of illness with of daysmen of illness of illnessc (days)c fever of fever

ts-1[E 10 6 33 2.8 5.5 3 3
vaccinees

Controls 10 8 42 3.4 5.2 2 6

a Parainfluenza type 1 virus administered 7 days after infection with ts-1 [E] virus.
b Received only parainfluenza type 1 virus.
c Calculated using data only from men who developed illness.

total 8-day period. The pattern and amount of
virus shedding thus was not influenced by prior
infection with the ts-1 [E:] vaccine virus. The
pattern and amount of the nasal wash inter-
feron response was similar in both vaccine and
control groups. It is noteworthy that the peak
interferon titer occurred several days after the
peak virus titer.
The serum and nasal wash neutralizing-anti-

body response to parainfluenza 1 virus in con-
-tzols and vaccinees is presented in Table 3.
Baseline nasal wash neutralizing antibody,
which correlates with susceptibility to parain-
fluenza type 1 virus (21), was similar in both
groups. Ninety percent of the volunteers had an
immunological response, and no statistically

significant difference between vaccine and con-
trol group was noted regarding either the num-
ber of men responding or the height of response
in serum or nasal wash.

DISCUSSION
The present study was undertaken to deter-

mine if the influenza A/Hong Kong/68-ts-1 [E]
virus induced local nonspecific resistance to an
interferon-sensitive, but immunologically un-
related, virus, parainfluenza type 1. A prompt
and nonspecific protective effect of live vaccine
virus administration against homologous wild-
type virus would be particularly useful during a
pandemic caused by a new antigenic subtype of
influenza A virus. However, an infection with



TABLE 3. Comparison of serum and nasal wash neutralizing parainfluenza type 1 virus antibody in ts-1 [E]
virus-vaccinateda and control" volunteers

No. with fourfold or greater Reciprocal of geometric mean neutralizing
rise in antibody in: antibody titer on indicated day

Gop No. of
Group men Nasal Nasal wash Serum

wah Serum Either
wash ~~~~~07 14 21 28 0 7 14 21 28

ts- 1[(E]i 10 8 10 10 1.5 NDc ND 11 18 23 ND ND 170 322
vaccinees

Control 10 8 7 8 1.8 3.4 6.5 34 61 59 48 119 188 276

aParainfluenza type 1 virus administered 7 days after infection with ts-1 [E] virus.
t Received only parainfluenza type 1 virus.
c ND, Not done.

the influenza A/Hong Kong/68-ts-1 [E] virus,
which previously had been shown to induce
strong homologous resistance (16), failed to
provide any detectable heterologous resistance
when given 7 days prior to challenge with
parainfluenza type 1 virus.

If interferon is one of the major mediators of
local nonspecific resistance, it is not surprising
that the Hong Kong/68-ts-1 [E] virus which
stimulated low (15) to undetectable levels (in
the present study) of interferon provided no
protection against a heterologous virus chal-
lenge. In the previous study, the peak interferon
response to the Hong Kong/68-ts-l[E] vaccine
virus was detected 2 days after virus adminis-
tration (15). It is also possible that by day 7, the
time of parainfluenza type 1 virus challenge, the
antiviral affect of any undetected interferon had
waned considerably (7), and therefore provided
little protective effect. It is known that the
protective effect of interferon in animals can be
overcome by increasing the dose of virus chal-
lenge (1). The failure to demonstrate any pro-
tective effect under the conditions employed in
the present study also might be attributable to
the administration of too large a dose of parain-
fluenza type 1 virus in the challenge inoculum.
The 50% disease-producing dose for parainflu-
enza 1 virus in adult volunteers has been
reported to be as low as 102 TCIDso with a 6-day
incubation period (19), and the present chal-
lenge dose was 105 ° TCID5O, a 100% infective
dose which produced illness in 80% of control
volunteers with an incubation period of 3 days.
The Hong Kong/68-ts-1 [E] virus, therefore,
might have exerted a protective effect if the
time from Hong Kong/68-ts-1 [E I virus adminis-
tration to parainfluenza type 1 virus challenge
was less than 7 days, or if the quantity of
parainfluenza virus in the challenge inoculum
was decreased. If other mechanisms of nonspe-
cific interference exist, as has been suggested

(6), it is clear they were not operative under the
conditions of the present experiment.
Another explanation for the failure to detect

heterologous interference in the present experi-
ment is that such interference is not a universal
phenomenon applicable to all virus-virus in-
teractions (10, 20). In man, six controlled stud-
ies have been performed in volunteers to exam-
ine the question of the induction of heterologous
interference by respiratory viruses, and it was
apparent that such interference was not in-
duced in all instances. Fleet et al. demon-
strated that heterologous resistance to two wild-
type rhinovirus subtypes, 8 and 23, was present
2 and 5 weeks after primary virus inoculation
but was not detectable at 16 weeks (8). Cate et
al. extended these observations by demonstrat-
ing that wild-type rhinovirus type 15 induced
resistance to Coxsackie A21 wild-type virus
challenge given 4 weeks after the primary infec-
tion and that this resistance may not have been
mediated by interferon (6). However, Matthews
et al. were not able to detect the presence of
heterologous interference between intranasally
administered live enterovirus vaccine
(echovirus type 1) and rhinovirus type 4 given 2
days after administration of the enterovirus
(13). E. Chalhub, P. Wright, and R. Chanock
(unpublished observations) were not able to
document heterologous resistance between a
low-temperature-adapted parainfluenza type 1
virus, which caused mild illness in 13 of 16
volunteers, and a wild-type respiratory syncy-
tial virus challenge 45 days later. Tyrrell and
Reed showed that volunteers inoculated with
influenza A virus during the incubation period
of a rhinovirus were protected against influenza
infection, although this did not occur during the
incubation period of a coronavirus (22). The
present study, also with a vaccine strain, failed
to demonstrate heterologous interference be-
tween influenza A virus and parainfluenza type
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1 virus given 7 days after influenza A virus
infection. The mechanisms that permit heterol-
ogous interference to be detected in some of
these experimental infections, but not others,
remain unknown, but clearly dose and time of
administration of challenge virus, and the type
of primary virus infection (wild versus vaccine
type) are three variables that need to be more
fully evaluated. It is perhaps incorrect to as-
sume that all live respiratory virus vaccines will
induce heterologous interference, and this pa-
rameter of infection will have to be carefully
evaluated with each new live virus vaccine.
The present investigation also presents data

on the relationship between illness, quantita-
tive virus shedding, and interferon response
during experimental infection of adult volun-
teers with parainfluenza type 1 virus. In adults,
the pattern of parainfluenza virus infection is
similar to that of influenza A virus (17). The
major difference in their patterns lies in the
relationship between time of peak virus shed-
ding to the time of the peak interferon response.
For influenza A virus, the peak interferon re-
sponse is detected 1 day after the day of peak
virus shedding, whereas for parainfluenza virus,
the peak interferon response is delayed until 3
days after the time of peak virus shedding. It
would be more important to examine the quan-
titative relationships between level of illness,
virus shedding, and interferon response in chil-
dren undergoing the more serious lower respira-
tory tract illness observed during infections
with parainfluenza viruses. If a similar delay in
interferon response occurs in these children,
then perhaps therapy with exogenous interferon
or an antiviral drug could be considered.
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