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Chin, J. (Calif. State Dep't. Public Health, Berkeley 94704), R. L. Magoffin, L. A.
Shearer, J. H. Schieble and E. H. Lennette. Field evaluation of a respiratory syncy-
tial virus vaccine and a trivalent parainfluenza virus vaccine in a pediatric
population. Amer. J. Epid., 1969, 89: 449-463.—A field evaluation of two formalin-
inactivated respiratory virus vaccines was conducted in a selected pediatric
population in California during the 1966-1967 respiratory disease season. A
total of 441 children ranging in age from four months to nine years were im-
munized; 219 with a respiratory syncytial (RS) virus vaccine and 222 with a
trivalent parainfluenza virus (types 1, 2 and 3) vaccine. Both vaccines elicited
good serum antibody responses. Very high attack rates of parainfluenza virus,
types 1 and 3 and RS virus were observed during the study period in infants
and children in both vaccine groups. A protective effect was not demonstrable
for either vaccine. Infants who received the RS virus vaccine and who subsequently
became infected with RS virus tended to have a more severe clinical illness than
infants who did not receive this vaccine.
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INTRODUCTION

The association of the respiratory syn-
cytial (RS) and parainfluenza viruses with
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acute respiratory illness (ARI) in infants
is well documented (1-5). These. agents
have been shown to account for most of
the serious respiratory illnesses in infants,
The RS virus has been most frequently as-
sociated with bronchiolitis and pneumonia
in very young infants while the parain-
fluenza viruses are associated with croup
and severe lower respiratory illness in older
infants and in pre-school age children.
For these reasons, a high priority has been
given to the development of effective im-
munoprophylaxis against these agents by
the Committee for Vaccine Development
(CVD) of the National Institute of Al-
lergy and Infectious Diseases, National
Institutes of Health. This committee was
established in 1861 to promote the de-
velopment of virus vaccines. In late sum-
mer, 1866, the CVD released for field
evaluation & trivalent parainfluenza virus

449

FDA-CBER-2022-1614-1227667



450

vaccine and an RS virus vaccine. This
report will describe the results of a field
study with these two vaccines in a selected
pediatric population at Fort Ord, Cali-
fornia, during the 1966-1967 respiratory
disease year.

MATERIALS AND METHODS

RS virus vaccine. (Lot No. 100, Pfizer.)
The seed virus (Bernett strain) was grown
in Vervet monkey kidney cell cultures. Af-
ter formalinization, the tissue culture fluid
harvest was concentrated 25-fold by ultra-
centrifugation and then further concen-
trated fourfold by alum precipitation. The
final concentration factor was 100.

Trivalent (types 1, 2, and 8) parain-
fluenza virus vaccine. (Lot 6364, National
Drug Company.) This vaccine was derived
from amniotic fluid harvested from seven-
day-old chick embryos infected with para-
influenza virus, types 1, 2, or 3. The seed
virus strains were, type 1 (C39), type 2
(Greer) and type 3 (C-243).

The amniotic fluid for each virus type
was concentrated approximately threefold
by ultracentrifugation. The three types of
parainfluenza virus infected amniotic fluids
were inactivated with formalin prior to
pooling.

Study area. The field study was located
at Fort Ord, California, a permanent
Army Post whose primary function is to
train recruits from the western part of the
United States. Fort Ord is situated on the
shores of Monterey Bay, about 100
miles south of San Francisco and Berkeley,
and is near the cities of Monterey, Carmel
and Salinas, California. The dependents of
the permanent party personnel live in
about 3,000 single and duplex units on
Post and in private residences off Post,
mainly in the small continguous com-
munities of Seaside and Marina.

Study population. The population stud-
ied consisted of those children of Army per-
sonnel living on Post or in the closely
adjacent areas. The total pediatric popula-
tion that received medical care at Fort Ord
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was estimated to be about 19,000. Of this
total, elightly less than half were of pre-
school age and about one-tenth were in-
fants under one year of age. This popula-
tion received essentially all of its medical
care from the Fort Ord Medical Facilities,
thus providing the field staff an op-
portunity to maintain close surveillance of
all medically attended illnesses which oc-
curred in these children.

The following two groups of children at
Fort Ord were included in the vaccine field
study. Group I was comprised of infants
who had been participating in a longi-
tudinal study of ARI since their birth.
In September, 1966, infants in this latter
study who were four months of age or
older, and their siblings under 10 years of
age, were asked to participate in the vac-
cine study. Group II consisted of those
children who were attending the pre-school
nursery on Post and their siblings under
10 years of age.

Method of vaccine allocation and ad-
ministration. Parainfluenza or RS virus
vaccine was given alternately to infants
who were enrolled in the longitudinal study
and to children attending the pre-school
nursery. The siblings of these children
who were under 10 years of age were also
given one of the vaccines on an alternate
basis. The alternation in Group I was de-
pendent on the vaccine which was assigned
to the longitudinal study infant. Thus, all
families with more than one child received
both vaccines. The only exception to this
system of assignment was when a child had
a known history of allergy to eggs. These
children were automatically assigned to the
RS vaccine group and the alternation or-
der of their siblings changed if necessary.

The dosage and schedule of vaccine ad-
ministration were identical for both vac-
cine groups. Two 0.5 ml injections were
given, intramuscularly, a month apart. The
vaccines were given to small infants in
their left anterio-lateral thigh. In older
children, the left deltoid area was used. A
double blind system of vaccine adminis-
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tration was used. Neither the parents nor
the field staff involved in the follow-up
observations of these children were aware
which vaccine preparation a child had re-
ceived. Capillary blood specimens were
collected on filter paper dises from all chil-
dren in Group I at the time of the first
vaccine injection and approximately one
month after the second vaccine injection.

Surveillance of ARI. In order to es-
tablish illness baselines for the pediatric
population under study, surveillance of all
ARI admitted to the hospital was started
in late 1964, and continued through the
vaceine study period. Specimens for viral
etiologic studies consisting of a throat swab
and acute and convalescent phase blood
samples were collected. In addition, a
throat swab for virus isolation and a medi-
cal history were obtained on all medically
attended ARI occurring in the vaccine
study groups. When a child in the vaccine
study attended the emergency clinic, a
home visit was made to obtain the neces-
sary information and throat swab. The ARI
experience of infants in Group I was fur-
ther followed by routine home visits which
were scheduled at four month intervals.
During this visit, an interim medical his-
tory, a throat swab, and capillary blood
absorbed onto filter paper discs were col-
lected.

Laboratory methods

The main laboratory support for this
field study was located in the Viral and
Rickettsial Diseage Laboratory of the Cal-
ifornia State Department of Public Health,
Berkeley. In addition, a small field lab-
oratory was maintained at Fort Ord.

Virus isolation. For virus isolation, two
host tissues, human fetal diploid lung
(HFDL) and primary rhesus monkey kid-
ney (MK) were routinely employed. The
HFDL cell strains used were initiated and
maintained in the laboratory at Berkeley
according to the method of Hayflick and
Moorhead (6). Tube cultures of HFDL
cells were seeded with 10° cells in Eagle’s
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minimum essential medium with 10 per
cent fetal bovine serum and outgrowth was
usually complete in three to four days.
MK cell cultures were prepared by a
modification of the method of Bodian
(7). Outgrowth medium for MK cells con-
sisted of 85 ml of Hank’s balanced salt
solution, 10 ml of 5.0 per cent lactalbumin
hydrolysate and 2 ml fetal bovine serum.
For maintenance of both cell types,
Leibovitz Medium No. 15 with 2 per cent
fetal bovine serum was used (8). All
media contained 100 u of penicillin, 100
meg of streptomycin and 10 meg of
amphotericin B per ml.

Throat swabs, collected from children
admitted to the hospital for an ARI and
from children participating in the vaccine
study who were seen in the pediatrie clinic
for an ARI, were placed in 2-dram screw
cap vials containing 3 ml of tryptose phos-
phate broth and 0.5 per cent gelatin.
Within two hours of collection, & 1 ml
pample of the specimen was removed,
treated with 1000 u penicillin, 5000 u
streptomycin and .01 mg of Fungizone for
an hour at 4 C and then 0.2 ml of the
treated specimen were inoculated into two
tubes each of HFDL and MK cell cul-
tures. After inoculation the cell cultures
were placed in a roller drum and inecu-
bated at 33 C. The inoculated cell cultures
were transported to Berkeley weekly and
fresh cell cultures sent to the field labora-
tory at Fort Ord.

The inoculated cell cultures were main-
tained for approximately two weeks with-
out a change of medium and periodically
examined for cytopathic effects and hem-
adsorption of guinea pig red cells. Nega-
tive cultures were routinely passed to new
cultures and observed for an additional
week. Presumptive identification of viruses
was based on the type of eytopathic effect
observed in the cultures and on the pres-
ence or absence of hemadsorption. Final
identification was made by serological pro-
cedures, Parainfluenza viruses were iden-
tified by serum neutralization tests using
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hemadsorption as an index of infection.
Identification of RS virus was made by the
direct fluorescent antibody technique uti-
lizing anti-RS (Long strain) monkey
serum (9).

Serologic methods. The procedures for
obtaining and handling specimens of capil-
lary blood collected onto filter paper discs
for serologic study have been presented in
detail in another paper (10). All tests
were conducted in the microtiter system.
Antibody titer of blood specimens col-
lected from children hospitalized for an
ARI were determined by complement fixa-
tion (CF) tests for influenza viruses A and
B, adenovirus, RS virus, parainfluenza
virus, type 4 and Mycoplasma pneumoniae,
and by hemagglutination-inhibition (HI)
tests for parainfluenza virus types 1, 2, and
3. The antigens employed have been de-
geribed in detail in a previous paper
(10). Antibody response to the RS virus
vaccine was measured by the CF test and
the response to the parainfluenza virus vac-
cine by HI tests for virus types 1, 2, and
3. The blood samples collected from in-
fants in the longitudinal study were tested
for CF antibody to RS virus, adenovirus
and parainfluenza virus, type 4, and for
HI antibody to parainfluenza virus types
1,2, and 3.

ResuLts

Immunizations with the vaccines were
started on September 6, 1966. Priority was

TasLE 1
Age distribulion of children in the vaccine fiald
aludy ai Ford Ord, California by type and dose

of ine received, Seplember through De-
cember, 1966
RS vaccine Parsinfluensa vaccine
recipients recipients
Age at start of
immunization No. of injections No. of injections
Two | One | Total | Two | One | Total
<1Yr 43 2 45 43 '] 82
14 Yrs w 14 13 a1 1 102
50Ym 9 12 81 80 8 L
Totals 191 28 219 14 28 m
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given to infants in the longitudinal study
group as this was considered the group at
highest risk to infection with the RS virus
and the parainfluenza viruses. Immuniza-
tion of most of the children was completed
by November and no injections with
either vaccine were given at Fort Ord after
December 15, 1966. A total of 441 children
received one of the two vaccines; 56 of
these children received only one injection
of vaccine. A total of eight children in this
study had a history of allergy to eggs. All
of these children were given RS vaccine.

The age distribution of all the children
who participated in the vaccine field study
is presented in table 1, according to the
number of injections and type of vaccine
received. The distribution is similar for
both vaccine groups. For the remainder of
this report, only those children who re-
ceived two injections of their assigned vac-
cine (191 in the RS group and 194 in the
parainfluenza group) will be compared for
evaluation of vaccine efficacy. From Octo-
ber, 1966, to July, 1967, a total of 117
children who completed their vaccine in-
jections were lost to the study because of
the unexpected transfer of their fathers.
The distribution of these children by
month and age in the two vaccine goups
was essentially similar during the period
of vaccine evaluation. Although there was
a gradual loss of children from the vac-
cine study during this period, the results
presented in this report will be based on
the number of children at the start of the
study.

Reaction to the vaccines. No immediate
reactions to the vaccines were observed ex-
cept that one of the vaccines (the para-
influenza vaccine) was noted to elicit
smarting at the site of injection, but this
usually lasted only a few minutes. The
parents of the first 144 children who re-
ceived the vaccines were questioned about
reactions to the vaccinés by telephone at
24 or 48 hours after vaccine administra-
tion. Of these children, information regard-
ing reactions to the second wvaccine dose
was obtained on 110. The reactions re-
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ported by mothers from this telephone
survey are summarized in table 2. No dif-
ference can be seen between the two vac-
cine groups. A placebo group was not
available for comparison and thus it can-

TasLE 2
Resulis of telephone survey of reactions to lest
vaccines. Fort Ord, California,
September-October, 1968

Reactions reported
No. of
children E
Fever | 7 | Calor
First dose
RB vaccine r -] 1 0
Parainfluenzs vassine 2 2 0
Totals 14 ] 1 0
Becond dose
RS vascine 8 3 0 1
Parainfluenta vaocins &8 3 1] 1
Totals 110 ] 0 3

RESPIRATORY VIRUS VACCINES 453
not be definitely established whether the
fevers reported were attributable to the
vaccines or to coincidental causes. How-
ever, of the 10 children reported to have
fever, a rectal temperature was taken by
only 3 mothers, and none exceeded 101 F,
No reactions to the vaceines were reported
by any of the mothers not contacted in the
telephone survey.

Pre- and post-vaccine blood samples., A
total of 113 infants in the longitudinal
study group at Fort Ord received the pri-
mary series of one of the two vaccines, Pre-
and post-vaccine blood specimens were col-
lected from 111 of these infants. Of the
173 siblings of these infants who com-
pleted the full primary series, pre- and
post-vaccine blood specimens were col-
lected from 168. Of these totals, 243 had
their post-vaccine blood specimen collected
before December 15, and the antibody
responses to the vaccine administered are

PARATINFLUENZA VIRUS VACCINE GROUP

pre-vaccine

at-vaccine titer

4x or >rise

titer [<1:8_ 1:8  1:16 1:32 1:64 1:128 1:256 | Total Wo. z
<1:8 1 4 |18 20 15 8 66 61 92.4
1:8 1 2% 17 70.8
1:16 1 8 4 50.0
1:32 11 5 455
1:64 9 2 .2
1:128 1 - =
1:256 1 1 - -

1T 6 25 32 32 17 7 120 89  74.2

RS VIRUS VACCINE

post-vaccine titer -

pre-vaccioe

4x or >rise

titer <1:8 1:8  1:16 1:32 1:64 1:128 1:256 Total No. *
<1:8 60 21 3 84 a 3.6
1:8 2 6 8 - -
1:16 1 6 2 9 - -
1:32 9 & 13 - -
1:64 1 5 1 7 - -
1:128 1 1 - -
1:256 1 1 - -

62 28 9 12 9 1 2 123 3 2.4

Figure 1. HI antibody levels to parainfluensa virus, type 1 in children participating in
the vaccine field study at Fort Ord, Calif., September to December, 1968.
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PARAINFLUENZA VIRUS VACCINE GROUP

pre-vaccine post-vaccine titer 4x or »rise
titer <1:8 1:8 1:16 1:32 1:64 1:128 1:256 Total No. f :
<1:8 8 13 88 67 76.1
1:8 2 4 9 1 11.1
1:16 9 ] 66.7
1:32 7 4 57.1
1:64 6 - f
1:128 - - -
1:256 1 1 - -
10 17 30 27 12 5 120 78 65.0
BS VIRS VACCIKE
pre-vaccine post-vaccine titer 4x or >rise
titer <1:8  1:8  1:16 1:32 1:64 1:128 1:256 Total No. x
<1:8 90 3 96 3 -
1:8 2 1 [ - -
1:16 1 8 - -
1:32 7 2 5
1:64 5 - -
1:128 - - -
1:256 1 1 1 -
92 5 10 11 1 1 123 3 2.4

Figure 2. HI antibody levels to parainfluenza virus, type 2 in children participating in
the vaccine field study at Fort Ord, Calif., September to December, 1966.

presented for these children. Post-vaccine
blood specimens collected after December
15 were omitted from the study of vaccine
antibody response because of the increased
incidence of both RS and parainfluenza
virus infections after this date.

HI antibody response to parainfluenza
vaccine. Figures 1, 2, and 3 present the
pre- and post-vaccine HI antibody titers
to parainfluenza virus, types 1, 2, and 3,
respectively. In the RS wvirus vaceine
group, which serves as a control group,
there were very few (<3 per cent) signifi-
cant (fourfold or greater) HI antibody
rises to parainfluenza virus, types 1 and 2;
but 17 children (14 per cent) showed sig-
nificant HI antibody rises to parainflu-
enza virus, type 3. These latter antibody
rises are in keeping with the surveillance
results which indicated that parainfluenza
virus, type 3 infections were occurring at
Fort Ord during the period when immuni-

zations with these vaccines were being
given.

In the parainfluenza virus vaccine group,
HI antibody responses to virus types 1
and 2 were very good. Most (92 per cent
for type 1 and 76 per cent for type 2) of
the children without pre-vaccine antibody
(<1:8) to virus types 1 and 2 showed a
gignificant response to the vaccine. Chil-
dren with pre-vaccine antibody to these
virus types developed significant rises in
antibody titer less often. Pre-vaccine HI
antibody titere to type 3 parainfluenza
virus were, as expected, relatively high.
The antibody response to the type 3
virus component was not as good as that
shown for the other two types. Only 54 per
cent, of children with no pre-vaccine anti-
body to parainfluenza 3 developed a sig-
nificant rise in antibody to the type 3
Virus.

CF antibody response to the RS virus
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PABAINFLUENZA VIRUS VACCINE GROUP

pre-vaccine

post-vaccine titer

4x or >rise

titer [<1:8 1:8 1:16 1:32 1:64 1:128 1:256 | Total No. 1
<1:8 8 8 35 19 54.3
1:8 3 2 10 [ 40,0
1:16 1 3 19 8 42.1
1:32 23 5 21.7
1:64 16 6 37.5
1:128 10 - -
1:256 1 5 6 - -
12 13 10 16 27 22 19 119 42 35.3
RS VIRUS VACCINE

pre~-vaccine post-vaccine titer bx or >rise
titer <1:8 1:8  1:16 1:32 1:64 1:128 1:256 Total Ho. 13
<1:8 22 1 29 ] 20.6
1:8 2 9 20 6 30.0
1:16 2 2 21 3 14.3
1:32 25 1 4.0
1:64 9 1 11.1
1:128 12 - -
1:256 2 & 6 - -
26 12 16 28 17 10 13 122 17 13.9

Fiouee 3. HI antibody levels to parainfluenza virus, type 3 in children participating in
the vaceine field study at Fort Ord, Calif., September to December, 1968.

vaccine. Figure 4 presents the pre- and
post-vaccine CF antibody titers to the RS
virus for the two vaccine groups. In the
parainfluenza vaccine group which serves
as a control group for the RS vaccine, only
one fourfold rise occurred. The frequency
of CF antibody response in the RS vaccine
recipients was very high. Of the 120 chil-
dren tested in this group, 82 (68 per cent)
had fourfold or greater rises. Of interest is
the finding that the significant antibody
responses to the RS vaccine occurred as
frequently, or more so, in children with de-
tectable pre-vaccine antibody levels, as in
those with no pre-vaccine antibody. Of the
76 children initially seronegative (CF
antibody <1:8), 47 (63 per cent) had a
fourfold or greater antibody response while
35 of the 45 (78 per cent) children initially
geropositive (CF antibody =>1:8) had a
significant antibody rise to the vaccine.

The antibody response to the RS vaccine
by age at the start of immunizations is
shown in table 3. Response to this vaccine
was markedly less satisfactory in infants
than in older children.

Surveillance of ARI. Virus isolation and
serologic test results confirmed that the RS
virus and the parainfluenza viruses are the
most frequent agents associated with severe
regpiratory illnesses in a pediatric popula-
tion. With the exception of the adeno-
viruses, no other virus or group of viruses
was detected in any significant number.
The pattern of pediatric hospital admis-
sions at Fort Ord for ARI by months,
with reference to admissions associated
with an RS or a parainfluenza virus in-
fection is shown in figure 5. High rates of
parainfluenza (mainly type 1) and RS
virus infections were found in the portion
of the 1964-1965 respiratory disease sea-
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RS VIRUS VACCINE GROUP

pre-vaccine post-vaccine titer 4x or >rise
titer [<y:g 1:8 1:16 1:32 1:64 21:128 | Total HNo. %
<1:8 12 16 18 -] 10 i1 75 47 62.7
1:8 1 1 4 4 13 5 28 22 78.6
1:16 1 2 4 5 12 9 75.0
1:32 1 4 5 -4 80.0
13 18 22 14 28 25 120 82 68.3
PARAINFLUENZA VIRUS VACCINE GROUP
pre-vaccine post-vaccine titer 4x or >rise
titer l<y.8  1:8 1:16 1:32 1:64 21:128 | Total No. %
<1:8 67 6 1 74 1 1.4
1:8 10 22 32 - -
1:16 2 4 6 - -
1:32
77 30 5 112 1 0.9

Figure 4. CF antibody levels to RS virus before and after test vaccine administration in
two groups of children at Fort Ord, Calif., September to December, 1968.

TasLe 3
Complement fixing antibody response to the respira-
tory syncytial (RS) virus in RS virus vaccine
recipients, Forl Ord, California, Seplem-
ber—December, 1966

4% or ter
Age at start of No aatibody rise
immunization =

No. | Per cent
<6 Months 14 b 35.7
6-18 Months 42 23 4.8
2-9 Years 84 b4 84.4

(Mean ~4 yrs)

Totals 120 82 68.3

son which was studied. During the 1965—
1966 respiratory disease season, relatively
low rates of parainfluenza viruses (mainly
type 3) and RS virus infections were de-
tected. The 1966-1967 season, which spans
the whole vaccine field study was marked
by an intense outbreak of RS virus infec-
tions which peaked in January. Parain-
fluenza virus infections were encountered
frequently early in the season (September
through November, mainly type 3) and

aleo late in the season (March through
May, mainly type 1).

Respiratory illnesses in the two vaccine
groups. Table 4 shows the cases of
medically attended ARI observed in the
two vaccine groups from October through
July. No significant difference (at the 5
per cent level of significance) is seen be-
tween the two groups for the entire study
period or for any portion of the study pe-
riod. As expected, the ARI rates decreased
sharply with increasing age. The attack
rate of those children who were <1 year
of age at the start of their test immuniza-
tions was about eight times higher than
the rate in children who were of school
age at the start of the immunizations. In
the one to four year age group, there was a
consistently lower ARI rate for children
who received the RS vaccine compared to
the children who received parainfluenza
vaccine, but this difference was not sig-
nificant at the 5 per cent level.

Parainfluenza virus infections in the
vaccine study groups. Parainfluenza virus
infections (mainly type 3) were detected
in the hospital surveillance at the end of
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Figure 5. The distribution by months of admission of RS and parainfluenza virus infec-
tions, as disgnosed by virus isolation and/or & fouriold or greater antibody rise among
children admitted to the Fort Ord Hospital because of an acute respiratory illness.

TaBLE 4

Distrsbution by age and month of medically atlended acule respiralory illness occurring in children in the
viral respiralory vaccine field study at Fort Ord, California, 1966-1667

No. of respiratary illnesses

. Vaccine Oct., » A April, X No.

(yAesl.i's) group No-';. IJ’::: !E:l:ch Lml Jﬁley Total at r‘l’.ik AR/100
<1 RS 13 256 31 22 14 106 43 244.2
Para 22 32 22 13 17 106 43 246.5

14 RS 16 26 21 16 17 96 99 97.0
Para 17 33 24 20 16 109 91 120.0

59 RS 2 3 3 2 3 13 49 26.5
Para 1 4 4 2 B 17 60 28.3

Total RS 31 54 bb 40 34 214 191 112.0
Para 40 69 50 35 38 232 194 119.6

* Age at the start of immunization.

September, 1966, when immunization with
the two vaccines was in progress. Table 5
shows the parainfluenza viruses isolated
from children after completion of two in-
jections of their assigned vaccine. No sig-
nificant difference between the two vac-

cine groups with regard to the parainflu-
enza types and to the infection rate with
these parainfluenza virus types was found.
Clinically, the parainfluenza virus infec-
tions detected in both vaccine groups were
gimilar and tended to be mild. Only one
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TaBLE 5

Distribution by age and month of isolation of parainfluenza virus infections in children in the viral
respiralory vaccine field study at Fort Ord, California, 1966-1887

P virus i
Month of isolation
Age® Vaccine group Total N AR/100
(years) b " at risk
R | B | At | A | T

<1 Parat 2 4 1 7 43 16.3
RS 2 2 3 1 8 43 18.6
14 Para 1 2 5 8 o1 8.8
RS 2 6 1 9 99 9.1
59 Para 1 1 60 1.7
RS 0 49 0.0
Total Para 2 5 2 6 1 16 104 8.2
RS 2 4 ] 2 17 191 8.9

* Age at the start of immunizations.
t Parainfluenza vaccine.

TanLE 6
Summary of parcinfluenza viruses isolated from
porainfluenza vaccine recipienis, Fort Ord,
California, September, 1866 to July, 1967

Virus
Post isola-
Q| g | Yyme” | vigEin® | Son | Clincl iagnoi
titert post
immun,
1 4 1 1:84 188 Otitis media
2 14 1 1:128 187 Mild ARI
3 16 1 1:128 150 | Croup
4 -] 1 1:83 1T ARI
-] -] ] 1:8 209 ARI with wheezing
(] 32 1 1:8 161 Bore throat, ARI
7 84 1 1:186 198 Sore throat, ARI
8 2 1:83% 24 | Bronchiolitia
9 11 3 1:18 57 Otitis media
10 4 3 1:8 115 | Croup}
11 ] 3 1:8 55 ARI
12 5 3 1:041 11 | ARI
13 8 3 1:513¢ 7 ARI
14 12 3 1:32 63 | Bronchiolitis

* Age In months at the start of immunizations.

t All of the pre-vaccine titers were <1:8.

t The post-vaccine blood specimen was obtained after para-
influenza virus isolation.

§ Hospitalized.

child required hospitalization for a para-
influenza virus infection and that was a
child from the parainfluenza vaccine
group. Additional data on the parainflu-
enza virus infections observed in the para-

influenza vaccine group are given in table
6. Of the 14 children in this group who de-
veloped parainfluenza virus infections after
completion of their primary immuniza-
tions (two doses) 11 had a post-vaccine
blood specimen collected before onset of the
parainfluenza virus infection. From these,
pre-infection homotypic antibody titers
could be determined. All of these children
had demonstrable pre-infection HI anti-
body (1:8 or greater) but the numbers of
children with a parainfluenza virus type 2
or 3 infection are too small to draw any
meaningful conclusions regarding protec-
tive antibody levels. However, of the
seven children with a type 1 infection,
post-vaccine homotypic HI antibody titers
of 1:64 to 1:128 in three of these chil-
dren were not protective against subse-
quent infection with this virus type.

RS virus infections in the vaccine study
groups. RS virus infections were first de-
tected in the general pediatric population
in mid-December, 1966, and hence no vac-
cines were administered after that time.
Table 7 shows the RS virus infections in
the two vaccine groups by age and
month of onset. A significantly higher in-
cidence of RS virus infections is seen in
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TasLe 7

Distribution by age and month of onsel of respiralory syncylial virus infections in children in the viral
respiratory vaccine field sludy at Fort Ord, California, 1966-1967

RS virus infectiona®

A Vacc Oct., Dec., Feb. April,
(yef:;J s:;:l;: No&, me March L!l)sy }:f; Total b::‘:‘f AR/100
<1 RS 8 5 13 43 30.2
Para 3 1 1 b 43 11.6
L RS 1 1 % 1.0
Para 2 1 3 ) 3.3
4 RS 1 1 49 2.0
Para 1 1 60 b B ¢
Total RS 10 5 15 191 7.9
Para 6 2 1 ] 194 4.7

* Diagnosed by virus isolation and/or a 4X or greater antibody rise between acute and convalescent

blood specimens.
t Age at the atart of immunizations,

the RS vaccine recipients compared to the
parainfluenza vaccine recipients in the in-
fant age group, but the difference between
the two vaccine groups in total is not
statistically significant.

There was a significantly greater num-
ber of RS virus infections admitted to the
hospital among RS vaccine recipients
compared to the parainfluenza vaceine
recipients (9 vs 2, x¥* = 4.8 ¢ 1 df). Clini-
cally the illnesses of hospitalized children
in the RS vaccine group with RS virus in-
fections appeared more severe than the
hospitalized cases in non-vaccinated chil-
dren, To quantitate this clinical impres-
sion, the RS vaceine recipients hospitalized
with a laboratory confirmed RS virus in-
fection were matched by age and sex with
non-immunized children who where also
hospitalized with a confirmed RS virus in-
fection during the same time period. Table
8 compares these infections in RS vaccinees
and matched controls by several laboratory
and clinical factors. Although the numbers
are small, clear differences between the
two groups can be seen for most of the
factors compared. A higher proportion of
the cases was confirmed by virus isolation
(versus antibody titer rises) in the RS
vaccine group, and all of these isolations

TABLE 8
Selecled criteria of response to infection in vaccine
recipients and maliched controls hospitalized
with confirmed RS virus infection,®* Fort
Ord, California, December, 1968 to

March, 1967
RS virus vaccine Matched controls
recipients
Crit:ri.ll:[f 3P
fo et vl No. Iper cent/Total| No. |pes cent
“ined | ‘tive positive “ined | tive positive
Clinieal severity{ 9 4 4.4 18 1 5.6
X-ray resultal ] 8 B8.9 18 14 7.8
Eoeinophilin§ 9 5 B5.6 18 2 11.1
RS virus lsolsted 9 7 7.8 18 8 4
* Confirmed by virus isolation and/or antibody titer rise.
{ Ilinesa waa ded clinically as mild, dearate, severe or
very sevars. A clamification of severs or very severe was consid-
ered positive.

1 X-ray evidence of an infiltrats was considered positive.

§# An eceinophilic index was caloulated by lying the
percentags of eosinophiles found in the routine whits blood count
by the total white blood count. An index of greater than 250 was
considered poaitive.

were made in the first tissue culture pas-
sage (average 8.1 days) whereas only
about half of the isolations in non-vac-
cinees were obtained in first passage (av-
erage 15.2 days). An increased eosinophilia
in the RS vaccine group compared to the
controls was noted.

CF antibody to RS virus in the two vac-
cine groups. Most of the infants in the
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TapLE 9
Complement fizing (CF) antibody tilers o respira-
tory syncytial (RS) virus in children who de-
veloped an RS virus infection in the vaccine
field study ot Fort Ord, California,

1966-1967
RS vaccine recipients Parainfluenss vaccine recipients
No, | Ereinfec- | Post infec- | o0 | Pre infec- | Post infec-
tion titer | tion titer * | ton titer | tion titer
1 8 256 1 <8 64
2 16 256 2 <8 <8
3 8 128 3 <8 8
4 8 128 4 <8 8
5 8 512 5 <8 16
8 <8 128 6 <8 8
7 16 258
8 8 8
9 16 512

vaccine study were also participating in a
longitudinal study of acute respiratory ill-
ness. Periodic blood specimens (approxi-
mately four months apart) have been
collected from these infants since their
birth. Most of the infants in both groups
had elevated CF antibody levels to the RS
virus at birth, The geometric mean CF
antibody titers of the cord blood speci-
mens in both vaccine groups were similar.
These levels of maternal CF antibody
dropped off sharply so that within two
months, the serum CF antibody was uni-
formly not demonstrable (ie., <1:8).
Table 9 shows the RS virus CF antibody
levels before and after natural RS virus
infection for those infants in the study
from whom an RS virus was isolated. Most
of the infants in the parainfluenza vaccine
group had only & minimal or no demon-
strable rise in CF antibody after isolation
of the RS virus. Infants in the RS vaccine
group generally showed low to moderate
CF antibody titer rises to the vaccine.
However, the CF antibody responses of
these infants to natural RS virus infection
which occurred after receiving RS vaccine
were very pronounced, with titers rising
almost uniformly to very high levels
(1:128 or greater).

CHIN, MAGOFFIN, SHEARER, SCHIEELE AND LENNETTE

Discussion

Although a multiplicity of agents is in-
volved, clinical and epidemiologic studies
have clearly established that the RS virus
and the parainfluenza viruses are the
most frequent causal agents of severe re-
spiratory illness in infants and children.

The first field study in pediatric pop-
ulation of a vaccine containing the parain-
fluenza viruses was reported by Laxdal et
al. in 1964 (11). They tested an inacti-
vated polyvalent vaccine containing in-
fluenza types A, Al, A2 and B, adenovirus
types 3, 4, and 7 and parainfluenga virus
types 1 and 3. The antibody responses
elicited by this polyvalent vaccine were in
the word of the authors “disappointing”.
No details of the antibody response to the
parainfluenza virus components of the vac-
cine were given. Viral etiologic studies
were not performed, and the evaluation of
protective efficacy was dependent on ob-
servations of the overall incidence of ARI
in immunized children compared to con-
trols. No significant reduction of ARI in
the vaccine recipients was observed.

A more detailed field study of an inac-
tivated polyvalent respiratory virus vae-
cine conducted in a nursery school and
kindergarten population was reported by
Weibel et al. in 1966 (12). This vaccine
contained RS virus, parainfluenza virus
types 1, 2, and 3, influenza virus types A2
and B and Mycoplasma pneumonice. Anti-
body response to this vaccine was good
except to the RS virus component. In this
study, a significant reduction in the oc-
currence of severe respiratory illness in
the vaccine recipients, as compared to the
controls, was observed during the period of
high ARI incidence. The rates of isolation
of viruses and mycoplasma from the study
population were too low to determine
agent-specific attack rates, but the results
suggested that the protective efficacy of
the vaccine was due mainly to the parain-
fluenza and mycoplasma components.

After the encouraging results of the
heptavalent vaccine evaluation, Weibel et
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al. in 1967 (13) reported on tests of
monovalent RS, monovalent Mycoplasma
pneumonige and trivalent parainfluenza
virus types 1, 2, and 3 vaccines in three to
five year old children. To improve the
antibody response to the RS vaccine, the
amount of antigen in the monovalent prep-
aration was increased over that used in
the previous heptavalent vaccine. During
the course of this field evaluation, ARI
rates were lower than those experienced in
the earlier heptavalent vaccine study and
no statistically significant reduction of
ARI was observed in any of the vaccine
groups compared to the control group.
This study, however, showed that anti-
genically potent vaccines to RS and para-
influenza viruses could be produced and
indicated that the demonstration of a sig-
nificant reduction in specific etiologically
defined illnesses would probably require
field evaluations to be conducted in in-
fants and very young children in whom
attack rates of RS and parainfluenza virus
infections are highest.

In the present study the rates of respira-
tory illnesses and of specific virus infec-
tions, especially in infants, were sufficient
to show clearly that neither of the vac-
cines were protective. Both vaccines
elicited substantial serum antibody titers
in a high proportion of the subjects, but
these antibody levels failed to protect
against subsequent natural challenge with
these respiratory viruses.

Recent studies by Smith et al. (14) con-
cerning immune response to inactivated
parainfluenza, type 1 wvaccine indicate
that although the vaccine can evoke serum
antibody responses similar to those which
follow upper respiratory tract infection
with the type 1 virus, the vaccine is not as
effective as natural infection in stimulating
the development of neutralizing antibodies
in nasal secretions. These same authors,
in volunteer studies, also showed that the
level of virus neutralizing antibody, in
nasal secretions was a better index of host
resistance to parainfluenza virus, type 1

461

infection than was the level of serum anti-
body. These findings may well explain the
lack of protection to parainfluenza virus in-
fections conferred by the inactivated tri-
valent vaccine even though it elicited good
gerum antibody responses to the parain-
fluenza viruses.

The findings related to the RS virus vac-
cine indicated that aside from failing to
protect, this vaccine in some manner al-
tered the host response to natural RS virus
infection. The attack rate and the clinical
severity of RS virus infections in infants
up to 18 months of age who received the
RS vaccine seemed greater than those ex-
perienced by infants who did not receive
this vaccine. However, in older children the
response to natural infections was ap-
parently unaltered by the vaccine. These
observations are consistent with the epi-
demiology of RS virus infections in that
the highest risk of severe clinical illness
due to this virus is among infants young
enough to possess maternal antibody.
This is in contrast to the pattern of in-
fections with other common viruses where
young infants are relatively protected
from severe infection presumably because
of maternal antibody. To account for this
unique age distribution of severe RS virus
infections, Chanock (15) has recently
postulated that maternal antibody to this
virus may contribute to the pathogenesis
of illness rather than protect against in-
fection.

Perhaps, as has been demonstrated for
parainfluenza virus, type 1, local anti-
bodies to RS virus in respiratory secre-
tions may be more significant for protec-
tion than serum antibody and these local
antibodies are only effectively produced in
response to natural infection. It is thus
conceivable that infants unprotected by
local neutralizing antibodies, can undergo
severe infection of the lower respiratory
tract with RS virus because of their
maternally acquired serum antibody. Sim-
ilarly, serum antibody induced by in-
activated vaccine might result in a more
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severe clinical response to natural infection
in RS vaccinees who lack natural local
immunity from a prior RS virus infection,

The mechanism of this altered host re-
sponse to natural infection is not clear, but
one may speculate that the observed ex-
aggeration in clinical response reflects an
enhancement of viral growth. Immunologic
enhancement, of viral infectivity has been
demonstrated experimentally in vitro with
an arbovirus (16) and & poxvirus (17)
and it seems theoretically possible that
such enhancement might occur in cer-
tain in vivo situations. Such an enhance-
ment would fit with most of the observa-
tions in this study pertaining to RS virus
infections in infants who received the RS
vaccine. Specific enhancement of RS
virus growth in vaccine recipients would
not increase the rate of RS virus infections
in this group per se, but could increase the
observed attack rate by increasing the
clinical severity of these infections and
thereby bring more of the infections to
medical attention. The relative facility
with which the virus was recovered from
immunized infants who subsequently de-
veloped RS virus infection suggests that
these children may have been shedding
more RS virus than other children with a
gimilar RS virus infection. Laboratory
studies are being conducted to investigate
this hypothesis.

Regardless of the mechanism of the al-
tered host response to RS virus infection
following inactivated RS wvirus vaccine,
the results obtained with these vaccines re-
quire a reappraisal of the conventional
approach, attempted here, to control these
common pediatric respiratory viruses.
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