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Abstract
Early in the development of respiratory syncytial virus (RSV) vaccines severe disease occurred in
children after receipt of formalin-inactivated RSV vaccine. Continuing efforts to develop an
appropriately attenuated and immunogenic live RSV vaccine have given opportunities to assure that
live vaccines are safe through surveillance of children after vaccination. In the present study, the rate
of RSV-associated upper respiratory tract illness in 388 children was lower in RSV vaccinated
children than in controls (14% versus 20% in a 6–24 month old group and 16% versus 25% in infants).
Additionally, there was no evidence that vaccination predisposed to more severe lower respiratory
tract illness. Thus infection with a series of live attenuated RSV vaccines did not result in enhanced
disease upon infection with wild type RSV. The impact of RSV during this surveillance will inform
the design of future efficacy studies with RSV vaccines.
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1. Introduction
There is an urgent need for a respiratory syncytial virus (RSV) vaccine that will ameliorate or
prevent illness on exposure to naturally circulating wild-type RSV. The primary approach taken
in recent years has been to identify appropriately attenuated live, intranasally administered
vaccines that can be given early in infancy[1–4]. However, there is residual concern that a live
attenuated virus vaccine might create the same immunologic milieu in which disease of
enhanced severity was seen in recipients of an inactivated RSV vaccine upon infection with
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wild type RSV[5–8]. Twentysix percent (37/140) of children participating in early trials of an
inactivated RSV vaccine were hospitalized with severe RSV lower respiratory tract disease
and there were 2 deaths[5–8]. This severe illness has profoundly influenced subsequent
approaches to RSV vaccination and led to extensive animal trials to elucidate the nature of this
immune-mediated injury. These animal models have both increased our immunologic
understanding of enhanced disease [9] and are reassuring that such illness should not be seen
with live vaccine[10]. However, it was essential to obtain direct confirmation in humans that
infection with live attenuated RSV strains do not prime for enhanced disease.

In the course of development of a suitably attenuated and immunogenic live RSV vaccine there
have been a substantial number of RSV seronegative children and young RSV naive infants
with maternal antibody who have received vaccines or participated in trials as placebo
recipients. All of the available children were followed through the subsequent winter season
with clinical evaluation and viral detection in tissue culture with each clinically significant
respiratory illness. Although limited data on vaccine safety was incorporated into some of the
primary manuscripts, [1–4] the collation of this data in the current report provides the first
comprehensive evidence of the safety of live RSV vaccines on subsequent exposure to wild-
type virus.

2. Methods
2.1. Vaccines

The RSV vaccines studied are shown in Table 1. The derivation and characterization of these
vaccines have been previously described [11–16]. Those vaccine candidates preceded with an
rA2 in Table 1 were recombinant viruses derived by reverse genetics as described by Collins
[17]. The vaccines had differing attenuating mutations and/or deletions, but all were live
attenuated virus vaccines derived from RSV A2 and all had intact F and G surface
glycoproteins, the two RSV neutralization antigens of RSV. Only the rA2cp 248/404/1030/
ΔSH vaccine candidate was considered satisfactorily attenuated for young infants, and the
others were considered slightly under attenuated (cpts 248/955, cpts 530/1009, cpts 248/404,
and rA2cp 248/404 ΔSH) or over attenuated (rA2cp 530/1009 ΔNS2 and rA2cp 248/404
ΔNS2).

2.2. Populations under surveillance
In the winter season immediately following each child’s vaccination surveillance was carried
out at 3 sites in the United States and 1 site in South Africa. The vaccine trials and subsequent
surveillance were done as part of an RSV vaccine development program conducted in part by
Wyeth Vaccines, Pearl River, NY through two Cooperative Research and Development
Agreements (AI-0087 and AI-0099) with the Laboratory of Infectious Diseases, NIAID, NIH.

Evaluation of these vaccines typically has proceeded in a step wise fashion from studies in
adults, to older seropositive children, to seronegative children aged 6–24 months, and, with
the appropriate safety and immunogenicity observations, to infants who received 2 doses of
vaccine 1 month apart beginning at 1–2 months of age. Children in the vaccine trials were
previously healthy with no underlying respiratory or cardiopulmonary disease that put them at
special risk of more serious RSV disease. Surveillance was not done in adults or seropositive
children. The seronegative and infant vaccinees, placebo recipients, and age-matched controls
(included to amplify the number of unvaccinated subjects) make up the total of 388 study
subjects followed through a subsequent winter respiratory viral season, Table 1. The
surveillance was not blinded as parents of participants were informed of their child’s vaccine
assignment at the end of the acute phase of the vaccine trial nor were the trials designed to have
the statistical power to show vaccine efficacy.
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2.3. Surveillance
Surveillance was carried out from the first recognition of RSV in the community until 2 weeks
after the last isolate. Samples were collected using nasal washes or aspirated nasal secretions
as described for the acute phase of the vaccine trials [1–4]. Surveillance varied in intensity by
trial and site with either active surveillance (phone calls at a biweekly intervals and culturing
of all respiratory illness) to a more passive effort (culturing all respiratory illness that led to a
physician visit). Only small differences in the frequency of illness sampled were seen between
active and passive surveillance; and, therefore, the data has been combined in the analysis.

HEp-2 cells were used to isolate virus with confirmation of cytopathic effect with
immunofluorescent staining. PCR was not performed and rapid antigen detection not routinely
done. Serotyping of strains to distinguish between RSV A and B was done for most but not all
isolates as described [18]. For a subset of children pre and post season serology were drawn
to determine the incidence of RSV infection in the cohorts being followed using a neutralization
assay previously described [1,2].

2.4. Data analysis
The primary aim was to determine if enhanced illness occurred on natural exposure to wild
type RSV after receipt of a live attenuated RSV vaccine. For all analyses, children were divided
into seronegative subjects 6–24 month old at the time of vaccination who received 1 dose of
vaccine and RSV naïve subjects 1–3 months of age at vaccination who received 2 doses of
vaccine. The data are presented in two ways. First, in an “intent to treat” analysis in which the
data is combined for all the vaccinees regardless of their response to vaccine in comparison
with age-matched placebo recipients and controls. Second, in an “efficacy in vaccine
responders” analysis, the data originated from the study of only two vaccine candidates, cpts
248/404 and rA2cp 248/404/1030/ΔSH, which were administered to the largest number of
subjects and which were evaluated in both RSV seronegative children and RSV naïve infants.
For calculation of “efficacy”, vaccinees were counted only if they had a response to vaccine,
which is defined as recovery of vaccine virus from the respiratory tract, a rise in serum
neutralizing antibody, or response to 2 ELISA antibody assays detecting rises in antibody to
the fusion, F, or attachment, G, proteins. Note that, for these two vaccine candidates, this
involved between 63 and 100% of the recipients.

3. Results
3.1. Rate and severity of RSV infection in all vaccinees- “intent to treat”

An analysis based on all recipients of all vaccines compared to placebo and age matched
controls is shown in Table 2. The purpose of this analysis is to determine if illness was more
frequent or was skewed towards more serious LRI in vaccine recipients versus control subjects.
Neither of these outcomes was observed. In the 62 subjects vaccinated at 1–3 months of age,
10 (16%) had an RSV-associated URI compared to 15 (25%) in 60 age matched controls. In
the 113 children vaccinated at 6–24 months of age, 16 (14%) experienced an RSV-associated
URI compared to 30 (20%) in 153 controls. In both age groups there were overlapping
confidence intervals. Total and RSV associated LRI occurred with similar frequency in
vaccinees and controls confirming the absence of disease enhancement in recipients of live
attenuated RSV vaccine. A single hospitalization was seen that was not due to respiratory tract
illness.
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3.2. Comparison of severity and frequency of RSV infection in vaccine trials with cpts 248/404
and rA2cp 248/404/1030/ΔSH – “efficacy in vaccine responders”

The most specific way of identifying an adverse effect of vaccination was to compare only
those vaccinees who had a response to vaccination (virus shedding or antibody response) with
the matched control groups. This comparison was undertaken for two vaccines (cpts 248/404
and rA2cp 248/404/1030/ΔSH) that were given to the largest number of children and to both
RSV seronegative children and RSV naïve infants (Table 2). The 47 1–3 month old vaccine
responders had an incidence of RSV associated disease of 7 (15%) compared to 15 (25%) in
60 age-matched controls. In the 47 6–24 month old vaccine responders the incidence of RSV
associated URI was 3 (6.4%) whereas the 85 controls had an incidence of 13 (15%). Again
there was no evidence of an increase in severity or frequency of total or RSV associated LRI
in either cohort (Table 2). Although it was not an aim of this analysis, the vaccines could be
interpreted as offering some protection against RSV associated URI with a calculated vaccine
efficacy of 54% in the infants and 40% in 6–24 month olds. Since the vaccines differed in their
level of replication and attenuation and included vaccines that were insufficiently attenuated,
the use of the word efficacy is meant to convey only that less illness was observed in the vaccine
groups than in control groups following infection with wild type virus. The low rate of LRI
did not allow any conclusions to be drawn about the induction of protection against more
serious RSV disease by the live virus vaccine.

The RSV subgroup assignment for RSV isolates obtained in this study was determined, and
42 illnesses were caused by RSV subgroup A and 23 by subgroup B. The number of subgroup
A isolates were less frequent in vaccinees than placebo recipients, 8.6/100 child years versus
12.7/100 child years. Type B isolates also occurred with a lower frequency in vaccinees
(4.6/100 child years) than in placebo recipients (7/100 child years). The differences in both
cases were not significant.

3.3. Overall rate of virologically proven RSV infection
Surveillance in placebo recipients and age matched controls offers an opportunity to describe
the frequency and severity of RSV disease in a population of otherwise healthy children
undergoing primary exposure to RSV (Table 3). The total incidence of URI was significantly
higher in the 6–24 month age group than in the 1–3 month old infants. In contrast, the incidence
of RSV-associated URI was greater in the 1–3 month old group. From this data one can expect
to document RSV associated upper respiratory illness by culture in about 30% of infants and
21% of young children who have not previously experienced RSV. Culture-documented RSV
accounted for 24% of the upper respiratory illness during the winter season in the youngest
age group and 15% of the illness in 6–24 month olds. The incidence of lower respiratory illness
(12% of the rate of upper respiratory infections in infants and 5.5% the rate in the older group)
did not allow such precise calculations, but roughly 3.3 episodes of RSV associated LRI can
be anticipated per 100 children in both age groups.

3.4. Serologic evidence of RSV infection
We also carried out surveillance for rises in RSV-specific serum antibodies during the winter/
spring RSV season following the vaccine trials. Previous observations indicated that infection
with RSV occurs frequently in this age group, and this was confirmed in vaccine and control
groups (Table 4) in whom 13–42% seroresponse rates to infection with wild type RSV were
documented. A seroresponse was defined as a 4-fold or greater increase in RSV-specific serum
antibody titer using a plaque neutralization assay. The occurrence of frequent 4-fold
seroresponses to wild type RSV infection in vaccinees, even in those with an initial
seroresponse to vaccination (data not shown), indicates that infection with wild type RSV will
occur with high frequency in both vaccinees and control subjects. Thus, a reduction in serologic
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responses in vaccinees will not be a good indicator of vaccine efficacy. Rather, illness
associated with RSV infection should be the measure of vaccine efficacy.

Vaccination in early infancy, while not often producing a detectable rise in neutralizing
antibody titer following infection with vaccine virus, appeared to prime for such a serologic
response after wild-type RSV infection. This conclusion was based on the observation that
20/54 1–3 month old vaccinees had a rise in neutralizing antibody titer during the subsequent
RSV season versus only 6/46 controls (Table 4, p= 0.01). Since RSV was isolated with similar
frequency from both groups, it is reasonable to assume that exposure to RSV was comparable
in both groups and the enhanced seroresponse in the vaccinees was a reflection of
immunological priming.

A comparison of illness and virus isolation in those with and without serum antibody rises was
next undertaken (Table 4). There were 20 RSV illnesses in the 1–3 month old vaccinees and
controls and only 7 of these (5 vaccinees and 2 controls) were accompanied by a
seroconversion. Thus, only 35% (7 of 20) of this cohort had a seroresponse to infection with
wild type RSV indicating that the incidence of infection with RSV would be significantly
underestimated in this young age group if only a seroresponse was used as evidence of
infection. The seroconversion rate is greater in those 1–3 month old subjects who received
vaccine (5/9 infections accompanied by a serologic rise than in controls (only 2 of 11 infections
with a rise in antibody supporting the suggestion offered above that prior receipt of vaccine
primes for a RSV neutralizing antibody response to infection with wild type RSV. Almost all
(11/13 or 85% of the 6–24 month old cohort with a documented infection with wild type RSV
had an antibody response to that infection versus only 35% of the younger cohort.

The incidence of total illness (RSV plus non-RSV) experienced by vaccinees and control in
the 6–24 month old cohort differed (Table 4). A higher percentage of symptomatic total
respiratory infections were seen in controls with a seroresponse to RSV (23/27; 85%) than in
vaccinees (9/18; 50%), p=0.02. The same trend was seen in the RSV-associated illnesses. This
observation is consistent with the findings indicated above that are suggestive of vaccine
efficacy.

4. Discussion
The primary goal of this study was determine if infection of recipients of a live RSV vaccine
with wild type RSV resulted in enhanced RSV disease. Reassuring, but descriptive, data on
severity of disease following wild-type RSV infection after receipt of some of these vaccines
has been previously published [1–3]. The current, more comprehensive, analysis of
surveillance presents very compelling data that the tested live attenuated, intranasal RSV
vaccines do not potentiate disease on natural exposure to wild-type RSV. These vaccines varied
with regard to their replicative capacity in humans, ranging from under-attenuated to over-
attenuated, indicating that the lack of disease enhancement is likely to be a general property
following infection with a live attenuated RSV vaccine and not a function of the replicative
capacity of the vaccine candidate in humans. There was neither more frequent illness nor
skewing towards more severe lower respiratory tract disease in the live virus vaccinees. The
lower percentage of RSV-associated illness that was LRI in this study (12.3% of total RSV
illness in controls) than in previous studies (37.8% of total RSV illness)[19] presumably reflects
the intensity with which even minor illness was documented. Both subgroup A and B strains
were isolated with high frequency from the vaccinees during the surveillance period indicating
that the absence of disease enhancement was not a result of a lack of exposure to the diversity
of RSV strains that circulate. The composite size of groups receiving a live attenuated RSV
vaccine in these studies was larger (175) than in the historical groups receiving inactivated
vaccine (140), indicating that there was a strong opportunity to have detected vaccine-
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associated enhanced disease at any level comparable to that associated with the inactivated
vaccine. The recipients of inactivated vaccine had a RSV associated hospitalization rate of
26%, compared to no hospitalizations for respiratory illness in current study. The observed rate
of hospitalization in a comparable group of otherwise healthy unvaccinated children was 0.6
% [19] - similar to that in the controls and vaccinees in the current analysis. The above data
indicate that surveillance for disease enhancement on exposure of vaccinees to wild type RSV
should not be a required part of the vaccine evaluation when Phase I trials of similar live
attenuated RSV vaccines are undertaken in the future, since this analysis has now been
performed for 7 different vaccine candidates in the Phase I setting. Rather, this safety
information will be more usefully obtained from larger Phase IIb trials designed to identify the
correlates of immunity or to measure efficacy.

As noted in the papers describing the responses of infants to infection with cpts 248/404 and
rA2cp 248/404/1030/ΔSH, the antibody responses, but not virus shedding, were diminished in
young infants with residual maternal antibody when compared to older seronegative infants
and children [1–3]. The young infants also exhibited a lower frequency of seroresponse to wild
type infection compared to the 6–24 month-old children (35% versus 85%). This indicates that
the reduced response observed in young infants in the vaccine trials might not be due to reduced
immunogenicity of the vaccine resulting from attenuation, since the diminished response to
wild type infection seems quantitatively similar. In spite of the near absence of a neutralizing
antibody response of the young infants infected with the RSV vaccine, the vaccinees had
diminished virus shedding after receipt of a second dose [1,3]. This indicated that an immune
response capable of restricting RSV replication had occurred in the vaccinees. This short term
surrogate for vaccine efficacy may also have been observed in the current study since total
respiratory illness and RSV-associated upper respiratory illness were more frequently seen in
controls than in RSV vaccinees suggesting that receipt of a RSV vaccine had decreased
replication of wild type RSV sufficiently to modify illness. The trend of decreasing RSV-
associated illness in vaccine recipients during the subsequent RSV season was suggestive of
vaccine efficacy, but this conclusion would be premature since the studies involved multiple
vaccines over multiple years and were not designed to evaluate efficacy.

The observations from the present study can be used to design an RSV efficacy trial for a live
attenuated RSV vaccine that has achieved a satisfactory balance between attenuation and
immunogenicity. A number of variables will be critical to the design of trials designed to
measure efficacy of an RSV vaccine. The demographic features will include the risk profile of
the population studied, the age of immunization, the intensity of RSV surveillance for disease
after vaccination, and the endpoint chosen – all illness or hospitalizations, a graded severity
score of illness, all RSV associated illness, or RSV associated LRI or hospitalization. The
discrepancies between virologic and serologic evidence of infection in infants in this study
suggests that additional techniques for virus detection at the time of illness, such as the
polymerase chain reaction to quantitate viral RNA, should be incorporated into the trials.
Specifically, the observations from the present study can be used to define the population size
needed for an RSV efficacy trial. If RSV LRI is selected as one endpoint, the rate observed in
the current study in controls was 3.3/100. The number of subjects experiencing RSV associated
illness previously calculated from a different database on otherwise healthy children 0–24
months of age was very similar, specifically, 3.7/100 children [19]. Using data from these two
sets of observations, assuming a vaccine efficacy of 50% and a power of 0.8, a study with 1500
per arm is estimated to be adequate to define efficacy against RSV associated LRI. Establishing
an expanded safety profile of a live attenuated RSV vaccine in infants and/or using
hospitalization as an endpoint will require numbers greater than 1500 subjects. However, the
initial demonstration of efficacy against RSV LRI would be an important proof of concept of
the live, intranasal vaccine approach to prevention of serious RSV disease. The design of such
a trial could be modeled on the pediatric trials that showed the efficacy of live, attenuated,
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intranasal influenza vaccines that used medically attended respiratory tract illness as an
endpoint [20] or the prophylactic use of paluvizimab in which frequency and severity of illness
in hospitalized, high risk patients was used as an endpoint [21].

Finally, the results of this paper provide assurance that it is safe to proceed with the development
of live attenuated, intranasal RSV vaccines with minimal concern that enhanced disease will
develop in the vaccinees upon natural infection with wild type RSV. Furthermore, the present
study provides an experimental framework, i.e. a model, for the detection of disease enhancing
potential of other RSV vaccines that are felt after preclinical testing to warrant evaluation in
humans.
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