
Evaluation of the Live-Attenuated Intranasal Respiratory 
Syncytial Virus (RSV) Vaccine RSV/6120/ΔNS2/1030s 
in RSV-Seronegative Young Children
Ruth A. Karron,1 Cindy Luongo,2 Suzanne Woods,1 Jennifer Oliva,1 Peter L. Collins,2 and Ursula J. Buchholz2; the RSVPed Team
1Department of International Health, Center for Immunization Research, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA; and 2RNA Viruses Section, Laboratory of 
Infectious Diseases, National Institute of Allergy, Immunology, and Infectious Diseases, National Institutes of Health, Bethesda, Maryland, USA

Background. Respiratory syncytial virus (RSV) is the leading cause of pediatric lower respiratory illness (LRI) and a vaccine for 
immunization of children is needed. RSV/6120/ΔNS2/1030s is a cDNA-derived live-vaccine candidate attenuated by deletion of the 
interferon antagonist NS2 gene and the genetically stabilized 1030s missense polymerase mutation in the polymerase, conferring 
temperature sensitivity.

Methods. A single intranasal dose of RSV/6120/ΔNS2/1030s was evaluated in a double-blind, placebo-controlled trial (vaccine 
to placebo ratio, 2:1) at 105.7 plaque-forming units (PFU) in 15 RSV-seropositive 12- to 59-month-old children, and at 105 PFU in 30 
RSV-seronegative 6- to 24-month-old children.

Results. RSV/6120/ΔNS2/1030s infected 100% of RSV-seronegative vaccinees and was immunogenic (geometric mean RSV 
plaque-reduction neutralizing antibody titer [RSV-PRNT], 1:91) and genetically stable. Mild rhinorrhea was detected more 
frequently in vaccinees (18/20  vaccinees vs 4/10 placebo recipients, P = .007), and LRI occurred in 1 vaccinee during a period 
when only vaccine virus was detected. Following the RSV season, 5 of 16 vaccinees had ≥4-fold rises in RSV-PRNT with 
significantly higher titers than 4 of 10 placebo recipients with rises (1:1992 vs 1:274, P = .02). Thus, RSV/6120/ΔNS2/1030s 
primed for substantial anamnestic neutralizing antibody responses following naturally acquired RSV infection.

Conclusions. RSV/6120/ΔNS2/1030s is immunogenic and genetically stable in RSV-seronegative children, but the frequency of 
rhinorrhea in vaccinees exceeded that in placebo recipients.
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Respiratory syncytial virus (RSV) is the leading cause of severe 
acute lower respiratory illness (LRI) in infants and young chil
dren worldwide [1, 2] and a safe and effective pediatric RSV 
vaccine would have a profound global impact on child health 
[3]. RSV was estimated to have caused approximately 33 mil
lion cases of LRI and over 100 000 deaths per year in children 
younger than 5 years globally in 2019 [2]. In addition, RSV is a 
leading cause of hospitalization in this age group [4]. More than 
80% of all RSV-LRI and more than half of the RSV deaths in 
low- and middle-income countries were estimated to occur 
in infants and children ≥6 months, underscoring the impor
tance of developing RSV vaccines for active immunization of 
infants and children [5].

Live-attenuated intranasal (LAIN) RSV vaccines are attrac
tive candidates for immunization of young children because 
they mimic mild natural infection and contain a broad array 
of viral proteins to induce a full spectrum of local and systemic, 
innate and adaptive immune responses. Over the past 25 years, 
LAIN RSV vaccine candidates have been evaluated in >500 
RSV-seronegative infants and children [6–17]. Studies have in
cluded careful follow-up (surveillance) during the RSV season 
after enrollment to compare illness and antibody responses 
among vaccine and placebo recipients following naturally oc
curring RSV infection. These studies have not shown evidence 
of the vaccine-associated enhanced RSV disease that was ob
served in children who received formalin-inactivated RSV 
[18]. Based on these data, it is generally accepted that LAIN 
RSV vaccines are not associated with a risk of priming for en
hanced RSV. Moreover, a recent post hoc analysis of clinical tri
als of several LAIN RSV vaccines provided preliminary 
evidence of efficacy against RSV-associated medically attended 
acute respiratory illness (MAARI) and medically attended 
acute lower respiratory illness (MAALRI) [19].

The ideal LAIN RSV vaccine would replicate at a level sufficient 
to induce protective immunity with minimal vaccine-associated 
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adverse events. The use of reverse genetics [20] and understand
ing of RSV gene function [21] has led to the development of 
promising LAIN RSV vaccine candidates, rationally designed 
through introduction of well-characterized attenuating mutations 
such as (1) stabilized temperature-sensitivity point mutations that 
preferentially restrict replication in the lower respiratory tract and 
(2) deletion of nonessential viral genes such as NS2, a type I/III 
interferon antagonist that interferes with induction and signaling 
[22–24] and also promotes epithelial cell shedding, potentially 
contributing to small airway obstruction [25].

In previous studies, a candidate LAIN RSV vaccine containing 
the NS2 deletion and a stabilized attenuating codon deletion in 
the viral polymerase (L) gene, RSV/ΔNS2/Δ1313/I1314L [26], 
was highly attenuated and immunogenic in RSV-seronegative 
children [14, 27] and is continuing in clinical development 
(NCT03916185). RSV/ΔNS2/Δ1313/I1314L contains a deletion 
of codon 1313 in the L gene. Compensatory mutations to over
come the Δ1313 attenuation phenotype were blocked by the ad
dition of a I1314L mutation. Δ1313/I1314L is attenuating and 
confers mild temperature sensitivity, resulting in a shutoff tem
perature of virus replication of 38°C to 39°C (the shutoff temper
ature is the lowest restrictive temperature at which the reduction 
compared to 32°C is 100-fold or greater than that observed for 
wild-type RSV at the 2 temperatures).

Because the highly attenuated RSV/ΔNS2/Δ1313/I1314L might 
prove to be over-attenuated when evaluated in larger clinical tri
als, a vaccine candidate containing the NS2 deletion but slightly 
less restricted in replication may be needed. For this reason, we 
developed RSV/6120/ΔNS2/1030s, which is identical to RSV/ 
ΔNS2/Δ1313/I1314L except that the Δ1313/I1314L mutations 
in the L polymerase were replaced by the 1030s missense muta
tions S1313(TCA) and Y1321K(AAA) [28], in close proximity 
to the Δ1313 codon deletion. Compared to RSV/ΔNS2/Δ1313/ 
I1314L, RSV/6120/ΔNS2/1030s is slightly less temperature- 
sensitive (shutoff temperature of 39°C to 40°C) and less restricted 
in replication in nonhuman primates and in primary human air
way epithelial cells [26]. It therefore was expected to be less re
stricted in replication and more immunogenic than RSV/ΔNS2/ 
Δ1313/I1314L in young children. To test this hypothesis, we con
ducted a stepwise phase 1 evaluation of RSV/6120/ΔNS2/1030s in 
RSV-seropositive and -seronegative children.

METHODS

Vaccine

RSV/6120/ΔNS2/1030s was derived from a recombinant ver
sion of wild-type RSV strain A2 (rD46 [20]; GenBank accession 
number KT992094) by the following modification: (1) 5 silent 
nucleotide changes and a 112-nt phenotypically silent deletion 
in the SH 3′ noncoding sequence that stabilizes the cDNA dur
ing propagation in bacteria [28], and (2) 2 independent atten
uating elements consisting of a 522-nt deletion of the NS2 gene 

and the 1030s mutation in the L polymerase [29]. The virus was 
generated from cDNA on World Health Organization Vero 
cells by reverse genetics [20] and clinical trial material (CTM) 
was prepared at Charles River Laboratories (Malvern, PA). 
Sequence analysis confirmed that the seed virus and CTM 
were free of detectable adventitious mutations. The CTM had 
a mean infectivity titer of 106.0 plaque-forming units (PFU)/ 
mL. CTM was stored at −70°C and diluted to dose on site using 
Lactated Ringer’s solution for Injection (USP). Lactated 
Ringer’s was used as placebo.

Study Population, Study Design, and Clinical Trial Oversight

This phase 1 trial was conducted at the Center for Immunization 
Research (CIR), Johns Hopkins Bloomberg School of Public 
Health, between October 2017 and September 2020 
(ClinicalTrials.gov NCT03387137). A single dose of RSV/6120/ 
ΔNS2/1030s was evaluated sequentially in randomized, double- 
blind, placebo-controlled studies at a 105.7 PFU dose in 
RSV-seropositive children aged 12–59 months and at a 105 

PFU dose in RSV-seronegative children aged 6–24 months 
(Figure 1). RSV seropositivity was defined as a serum antibody ti
ter of ≥1:40 in a complement-enhanced 60% plaque reduction 
neutralization assay [30]. Subjects were randomized 2:1 to receive 
vaccine or placebo, administered as nose drops (0.5 mL; approx
imately 0.25 mL per nostril). Randomization, blinding, and un
blinding were performed as previously described [11].

Written informed consent was obtained from parents of study 
participants prior to enrollment. The study was conducted in ac
cordance with the principles of the Declaration of Helsinki and 
the Standards of Good Clinical Practice (as defined by the 
International Conference on Harmonization) under National 
Institute of Allergy and Infectious Diseases (NIAID)-held 
Investigational New Drug application (IND17681), reviewed by 
the US Food and Drug Administration. The clinical protocol, 
consent forms, and investigators’ brochure were developed by 
CIR and NIAID investigators and approved by the Western 
Institutional Review Board (now WCG) and the NIAID Office 
of Clinical Research Policy and Regulatory Operations. Clinical 
data were reviewed by CIR and NIAID investigators, and by 
the Data Safety Monitoring Board of the NIAID Division of 
Clinical Research.

Clinical Assessment: Acute Phase (Days 0 Through 28)
Children were enrolled between 1 April and 31 October each year, 
outside of the RSV season. Clinical assessments and nasal wash 
(NW) were performed as previously described (RSV-seropositive 
children, study days 0, 3–7, and 10; RSV-seronegative children, 
study days 0, 3, 5, 7, 10, 12, 14, 17, and 28;  ± 1 day at each time 
point) [11]. Adverse events were collected through day 28 and in
cluded fever, upper respiratory tract illness (URI; including rhinor
rhea, pharyngitis, hoarseness), cough, LRI (including croup, 
wheezing, bronchiolitis, pneumonia), and otitis media, as 
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previously described [31]. When illnesses occurred, NWs were ob
tained and tested for other viruses or mycoplasma by reverse tran
scription polymerase chain reaction (RT-PCR; Respiratory 
Pathogens 21 kit, Fast Track Diagnostics). Serious adverse events 
were collected through day 56 for RSV-seronegative children.

Clinical Assessment: Surveillance
RSV-seronegative participants were monitored for MAARI, 
which included MAALRI, during the first RSV season following 
inoculation [7]. During this RSV surveillance period (1 
November through 31 March), families were contacted weekly 
to determine whether MAARI had occurred [7, 11]. For each ill
ness, a clinical assessment was performed, and a NW obtained for 
adventitious agent testing by multiplex RT-PCR. RSV-positive 
specimens were typed as RSV A or B by RT-PCR assays [11].

Isolation, Quantitation, and Characterization of Virus

Vaccine virus in NW fluid was quantified by immunoplaque as
say and quantitative RT-PCR (RT-qPCR) as previously de
scribed [14]. To verify the presence and genetic stability of 
the attenuating elements at time of peak vaccine shedding, viral 

RNA was obtained from a single passage of NW fluid on Vero 
cells. The presence of the NS2 gene deletion was verified by se
quencing of a 1306-bp RT-PCR amplicon spanning the dele
tion, and the presence of the 1030s mutation was confirmed 
by sequencing of 711-bp or 1077-bp RT-PCR amplicons of 
the L gene region containing this mutation.

Immunologic Assays

Serologic Specimens
Sera were obtained before inoculation, approximately 1 month af
ter inoculation of RSV-seropositive participants, and 2 months af
ter inoculation of RSV-seronegative participants. To measure 
serum antibody responses following natural exposure to wild- 
type RSV during the surveillance period, sera were obtained 
from RSV-seronegative participants in October of the calendar 
year in which the child was enrolled and in April of the following 
year; for participants enrolled in September or October, postvac
cination sera also served as pre-RSV season sera.

Antibody Assays
Sera were tested for RSV neutralizing antibodies against RSV 
wild-type strain A2 by complement-enhanced 60% RSV 

Figure 1. Screening, enrollment, and follow-up of respiratory syncytial virus (RSV)-seropositive children and RSV-seronegative children in the phase 1 clinical trial of the 
RSV/6120/ΔNS2/1030s vaccine. As described in the “Methods” section, enrollment of RSV-seronegative children occurred following a satisfactory review of safety data 
from RSV-seropositive children.
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plaque-reduction neutralization assay [30] and for IgG anti
bodies to the RSV F glycoprotein in the postfusion conforma
tion by enzyme-linked immunosorbent assay (ELISA) using a 
purified F from the RSV A2 strain (human respiratory syncytial 
virus [RSV] [A2] fusion glycoprotein/RSV-F Protein [His Tag]; 
Sino Biological). The plaque reduction neutralization titer 
(PRNT) and RSV F immunoglobulin G (IgG) titer are ex
pressed as reciprocal log2. Antibody responses were defined 
as ≥4-fold increases in titer in paired specimens.

Data Analysis

Infection with vaccine was defined as detection of vaccine virus 
by culture or RT-qPCR and/or a ≥ 4-fold rise in RSV PRNT or 
RSV F IgG. The mean peak titer of vaccine virus shed (log10 

PFU/mL) was calculated for infected vaccinees only. Mean se
rum antibody titers were calculated by group. In a post hoc 
analysis, mean peak titers among infected RSV-seronegative 
vaccinees in this study were compared to mean peak titers 
among RSV-seronegative recipients of the lead candidate live- 
attenuated RSV vaccine, RSV/ΔNS2/Δ1313/I1314L, in 2 prior 
studies [14, 27] Student t test was used to compare means be
tween groups. Rates of illness and antibody responses were 
compared by the 2-tailed Fisher exact test. Pearson correlation 
coefficient was used to assess peak titers of vaccine virus shed 
and postvaccination antibody titers.

RESULTS

Study Participants

RSV/6120/ΔNS2/1030s was sequentially evaluated in 15 
RSV-seropositive children (10 vaccinees, 5 placebo recipients) 
and 30 RSV-seronegative infants (20 vaccinees and 10 placebo 
recipients; Figure 1 and Table 1). None were lost to follow-up 
or excluded from analysis; however, we were unable to obtain 
postsurveillance serum specimens from 4 RSV-seronegative 
vaccinees and 3 RSV-seronegative placebo recipients in April 
2020 because of restrictions necessitated by the severe acute re
spiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. 
The mean age of RSV-seropositive participants was 31.1 
months (range, 14–57 months), and of RSV-seronegative par
ticipants, 11.6 months (range, 6–21 months). Of the 45 partic
ipants, 53% were female, 71% white, 4% black, 9% Asian, and 
16% described as of mixed racial heritage; 4% were Hispanic 
and 96% were non-Hispanic.

Adverse Events and Vaccine Infectivity

During the 28 days following inoculation, respiratory or febrile 
illnesses were observed in 5 of 10 RSV-seropositive vaccinees, 
and community-acquired respiratory viruses were detected 
concurrent with each illness. One RSV-seropositive vaccinee 
with fever, cough, rhinorrhea, and pneumonia shed rhinovirus 
but not vaccine virus; 1 vaccinee with fever shed vaccine virus at 

low titer (1.5 log10 PFU/mL) for a single day and was coinfected 
with bocavirus; and the remaining 3 had rhinorrhea and con
currently shed human metapneumovirus, adenovirus, and rhi
novirus but not vaccine virus. One other seropositive vaccinee 
shed vaccine virus for a single day (0.8 log10 PFU/mL) that was 
not coincident with illness. One of the 5 RSV-seropositive pla
cebo recipients had respiratory illness (rhinorrhea) and con
currently shed rhinovirus (Table 1).

In RSV-seronegative participants, rhinorrhea, cough, and fe
brile illnesses occurred frequently in vaccine and placebo recipi
ents, as is typical for this age group. Overall, respiratory or 
febrile illness was observed significantly more often in vaccinees 
than in placebo recipients (18/20 [90%] vaccinees vs 5/10 [50%] 
placebo recipients, P = .026; Table 1 and Figure 2); rhinorrhea 
was particularly frequent (18/20 [90%] vaccinees vs 4/10 [40%] 
placebo recipients, P = .007; Table 1 and Figure 2). Fever and 
cough also occurred more frequently in vaccinees than placebo re
cipients, though not at significant rates (Figure 2). Of particular 
note, 2 episodes of LRI (croup; severity grade 2) occurred in 
RSV-seronegative vaccinees (Table 1 and Figure 2). One episode 
occurred on days 22–24 postimmunization and was associated 
with parainfluenza virus type 2 and not vaccine virus, and the sec
ond episode occurred on day 8, during a period of rhinorrhea 
from days 2 to 10, with rhinovirus detected on day 3 and vaccine 
virus detected on days 3, 5, 7, 9, 10, and 12, with a peak titer of 104.1 

PFU on day 9. In all, non-RSV respiratory viruses were detected in 
13 of 20 and 5 of 10 RSV-seronegative vaccine and placebo recip
ients, respectively, and included rhinovirus, enterovirus, adenovi
rus, bocavirus, and parainfluenza virus types 2 and 4.

Replication and Genetic Stability of RSV/6120/ΔNS2/1030 
in RSV-Seronegative Children

All seronegative vaccinees were infected with vaccine virus. In 
most vaccinees, vaccine virus shedding occurred over several 
days (median, 3 days; Figure 3), with peak vaccine shedding oc
curring between days 5 and 17 (Figure 3). The geometric mean 
peak titer (GMT) in NW by culture was 103.0 PFU/mL and the 
geometric mean peak copy number by RT-qPCR was 104.5 cop
ies/mL (Table 1). When vaccine virus titers in recipients of RSV/ 
6120/ΔNS2/1030s were compared to titers in recipients of 106.0 

PFU of RSV/ΔNS2/Δ1313/I1314L (a 10-fold higher dose) in 2 
previous clinical trials [14, 27], we found that titers in recipients 
of the current vaccine candidate were significantly higher com
pared to the first study [14] for the GMT by culture (101.8 

PFU/mL; P = .004) and for RNA copies by RT-qPCR (103.5 cop
ies/mL; P = .0079; 1-way ANOVA with Tukey multiple compar
ison), but were not higher than the second study [27] (GMTs by 
culture, 102.9 PFU/mL; by RT-qPCR, 104.6 copies/mL). RT-PCR 
and partial sequence analysis of NW isolates obtained at the peak 
of vaccine shedding from RSV-seronegative vaccinees confirmed 
the presence of the NS2 deletion and the presence and genetic 
stability of the 1030s mutation.
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Antibody Responses to RSV/ΔNS2/1030s

None of the RSV-seropositive vaccinees had a ≥4-fold rise in 
RSV F serum IgG titer or RSV PRNT (Table 2). Of 20 
RSV-seronegative vaccinees, 18 developed RSV-specific serum 
antibody responses by day 56 after immunization: of these, 18 
of 18 had ≥4-fold rises in RSV PRNT and 17 of 18 developed 
F-ELISA IgG responses (Table 2). The mean reciprocal post
vaccination PRNT was 6.5 log2, or 1:91 (Table 2). Two subjects 

who shed vaccine virus had no detectable antibody response. 
There was no correlation between peak vaccine virus shedding 
as measured by culture or RT-qPCR and neutralizing or RSV F 
IgG antibody responses (data not shown).

Surveillance During the RSV Season

All 30 RSV-seronegative children participated in RSV surveil
lance during the RSV (winter) season following inoculation 
(Supplementary Table 1). All-cause MAARI was frequent, oc
curring in 9 of 20 vaccinees and 7 of 10 placebo recipients; all- 
cause MAALRI (a subset of MAARI) occurred in 3 of 20 vacci
nees and 2 of 10 placebo recipients.

RSV-associated MAARI occurred in 4 vaccinees (2 RSV A 
and 2 RSV B) and in 2 placebo recipients (1 RSV A and 1 
RSV B); RSV-associated MAALRI (a subset of RSV-MAARI) 
occurred in 2 vaccinees and no placebo recipients. The instanc
es of RSV-MAALRI in vaccinees involved wheezing and/or a 
diagnosis of bronchiolitis and were associated with RSV A in
fections: in 1 instance, RSV A and coronavirus 229 were simul
taneously detected; interestingly, this participant was 1 of 2 
vaccine recipients that had no RSV serum antibody response 
detectable by ELISA or PRNT by day 56 after immunization. 
In the other vaccinee, RSV A alone was detected. Other 
non-RSV pathogens detected in children with MAALRI includ
ed rhinovirus and bocavirus (1 vaccinee) and bocavirus and 

Table 1. Clinical Responses and Shedding of Vaccine Virus Among Recipients of RSV/6120/ΔNS21030s or Placebo

Vaccine Detection in NWa % With Indicated Symptomsb,c

Subjects

Dose, 
log10 

PFU/mL
No. of 

Subjects
% 

Infectedd

% 
Shedding 
Vaccine 
Viruse

Plaque 
Assay 
log10 

PFU/mL 
(SD)f

RT-qPCR 
Mean 
log10 

(SD)g Fever URI LRIc Cough OM
Respiratory or 
Febrile Illness Other

RSV-seropositive 
children

Vaccinees 5.7 10 20 20 1.2 (0.5) 3.1 (0.9) 20 40 10 10 0 50 30

Placebo 
recipients

Placebo 5 0 0 0.5 (0.0) 1.7 (0.0) 0 20 0 0 0 20 20

RSV-seronegative 
children

Vaccinees 5.0 20 100 100 3.0 (0.8) 4.5 (0.8) 30 90 10 30 5 90 45

Placebo 
recipients

Placebo 10 0 0 0.5 (0.0) 1.7 (0.0) 20 40 0 10 0 50 30

Abbreviations: LRI, lower respiratory illness; NW, nasal wash; OM, otitis media; PFU, plaque-forming units; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; RSV, 
respiratory syncytial virus; URI, upper respiratory illness.  
aFor each child, the individual peak (highest) titer, irrespective of day, was selected from among all titers measured in the NW. Geometric means were calculated for participants that were 
infected with vaccine (see footnote d).  
bIllness definitions are as described in the text. URI was defined as rhinorrhea, pharyngitis, or hoarseness, and LRI was defined as wheezing, rhonchi, or rales, or having been diagnosed with 
pneumonia or laryngotracheobronchitis (croup). Other illnesses included rashes, conjunctivitis, nasal congestion, diarrhea, and vomiting.  
cLRI was diagnosed in 1 seropositive vaccinee with pneumonia and 2 seronegative vaccinees with croup. At the time of illness, the seropositive vaccinee shed rhinovirus but not vaccine virus, 
1 seronegative vaccinee shed HPIV-2 but not vaccine virus, and the other seronegative vaccinee shed vaccine virus with no adventitious agents detected. Additional details are provided in the 
text.  
dInfection with vaccine virus was defined as the detection of vaccine virus by culture and/or RT-qPCR and/or a ≥ 4-fold rise in RSV serum neutralizing antibody titer and/or serum anti-RSV F 
antibody titer.  
ePercent shedding vaccine virus as detected by culture and/or rRT-qPCR. The limit of detection of vaccine virus by culture was 0.5 log10 PFU/mL, and by qPCR 1.7 log10 copies/mL.  
fTiters measured in NW by RSV immunoplaque assay and expressed as log10 PFU/mL. The lower limit of detection was 0.5 log10 PFU/mL.  
gTiters measured in NW by RT-qPCR and expressed as log10 copies/mL. The lower limit of detection was 1.7 log10 copies/mL.

Any Fever Rhinorrhea Cough LRI Otitis media
0

20

40

60

80

100
Vaccinees (n=20)

Placebo Recipients (n=10)

%
 w

ith
 In

di
ca

te
d 

Ill
ne

ss

Figure 2. Proportions of RSV-seronegative vaccinees and placebo recipients with 
indicated illnesses during the first 28 days postvaccination. Vaccinees are shown in 
black; placebo recipients are shown in gray. Abbreviations: LRI, lower respiratory 
illness; RSV, respiratory syncytial virus.
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human metapneumovirus (1 placebo recipient). Serum speci
mens were obtained at the end of surveillance from 16 of 20 
vaccinees and 7 of 10 placebo recipients (see “Methods”). 
Four-fold or greater increases in RSV PRNT were detected in 
5 of 16 vaccinees and 4 of 7 placebo recipients (Table 2). Of 
the 6 children who experienced RSV-MAARI, 5 had a ≥  
4-fold increase in PRNT; the sixth (a vaccinee) had a 3.7-fold 
increase.

Evidence of infection with wild-type RSV (based on 
≥4-fold rises in RSV PRNT over the RSV surveillance season 
and/or virus detection) was observed in 6 vaccinees and 5 
placebo recipients: of these subjects, RSV PRNT rises accom
panied by RSV-MAARI or MAALRI occurred in 3 of 6 vac
cinees and 2 of 5 placebo recipients; RSV-MAALRI without 
RSV PRNT rise over the surveillance season occurred in 1 
of 6 vaccinees; antibody rises without RSV-MAARI/ 
MAALRI occurred in 2 of 6 vaccinees and 2 of 5 placebo 
recipients; and the remaining placebo recipient had 
RSV-MAARI with RSV detected, but a postseason serology 
specimen was not obtained. Among the children with 
≥4-fold rises in RSV PRNT over the RSV surveillance season, 
the mean reciprocal PRNT was significantly higher in the 5 
vaccinees (11 log2; 1:1992) than in the 4 placebo recipients 
(8.1 log2; 1:274), P = .02, indicating that prior vaccination 
primed for strong anamnestic responses.

DISCUSSION

RSV/6120/ΔNS2/1030s was designed to be a genetically stable 
LAIN vaccine that would be somewhat less restricted in 
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Figure 3. Individual daily titers of vaccine virus shed by RSV-seronegative recip
ients of 105.0 PFU of vaccine, with symbols representing titers by culture (A) and by 
RT-qPCR (B). Peak titers from individual vaccinees are shown as diamonds, and 
means are indicated by a continuous line. Culture-negative samples were assigned 
a titer of 0.5 log10 PFU/mL, and RT-qPCR-negative samples were assigned a titer of 
1.7 log10 copies/mL, indicated by the dotted line in A and B, Abbreviations: PFU, 
plaque-forming unit; RSV, respiratory syncytial virus; RT-qPCR, reverse transcript
ion-quantitative polymerase chain reaction.

Table 2. Antibody Responses to RSV Vaccination and Wild-Type RSV Infection Among Recipients of RSV 6120/ΔNS2/1030s or Placebo

Serum RSV Neutralizing Ab, Mean (SD)a
Serum IgG ELISA RSV F Ab, Mean 

(SD)a

Subjects

Dose, 
log10 

PFU/mL
No. of 

Subjects Preinoculation Postinoculation

≥4 
Fold 
Rise, 

% Presurveillanceb Postsurveillanceb

≥4 
Fold 
Rise, 

% Preinoculation Postinoculation

≥4 
Fold 
Rise, 

%

RSV-seropositive 
children

Vaccinees 5.7 10 7.4 (0.7) 7.1 (1.0) 0 ND ND ND 12.2 (1.5) 12.1 (1.5) 0

Placebo 
recipients

Placebo 5 7.4 (0.6) 7.2 (0.7) 0 ND ND ND 13.1 (0.8) 12.9 (0.5) 0

RSV-seronegative 
children

Vaccinees 5.0 20 2.8 (0.9) 6.5 (1.1) 90 6.5 (1.2) 7.8 (2.7) 31 6.4 (2.0) 10.9 (1.7) 85

Placebo 
recipients

Placebo 10 2.9 (0.9) 2.6 (0.6) 0 2.6 (0.6) 5.6 (3.2) 57 6.7 (1.6) 6.0 (2.0) 0

Abbreviations: Ab, antibody; ELISA, enzyme-linked immunosorbent assay; PRNT60, 60% plaque reduction neutralizing titer; RSV, respiratory syncytial virus.  
aAb data are expressed as reciprocal mean log2 titers. Postinoculation antibody titers were measured at day 28 in RSV-seropositive children and at day 56 in RSV-seronegative children. Serum 
RSV PRNT60 were determined by complement-enhanced 60% plaque and reduction neutralization assay; serum IgG titers to RSV F were determined by ELISA. Results are expressed as mean 
reciprocal log2 (SD). Titers below the limit of detection were assigned values of 2.3 log2 (PRNT60) and 4.6 log2 (ELISA).  
bFor RSV-seronegative children, sera were also collected and assayed before (presurveillance) and after (postsurveillance) the surveillance period. Postsurveillance sera were not collected 
from 4 vaccinees and 3 placebo recipients during the SARS-CoV-2 pandemic; therefore, means are presented for 16 vaccinees and 7 placebo recipients.
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replication than the lead candidate RSV/ΔNS2/Δ1313/I1314L, 
so as to provide an alternative should RSV/ΔNS2/Δ1313/ 
I1314L prove to be overattenuated in ongoing expanded clini
cal studies. Preclinical studies showed that RSV/6120/ΔNS2/ 
1030s was less temperature sensitive and less restricted in ex
perimental animals than RSV/ΔNS2/Δ1313/I1314L [26]. In a 
previous phase 1 study, 105 PFU of RSV/ΔNS2/Δ1313/I1314L 
infected 80% of RSV-seronegative children with a peak GMT 
of 0.6 log10 PFU/mL detected in nasal samples [14]. ln contrast, 
the same dose of RSV/6120/ΔNS2/1030s in the present study 
infected 100% of RSV-seronegative children with a peak 
GMT of 3.0 log10 PFU/mL. The substantial magnitude of this 
increase in replication was unexpected, given the minimal ge
nomic differences between the 2 vaccine candidates, involving 
codons 1313 and 1314 in RSV/ΔNS2/Δ1313/I1314L and 1313 
and 1321 in RSV/6120/ΔNS2/1030s, all within a 9-amino acid 
segment in the viral polymerase (L) gene. Additional studies 
in larger numbers of children would be needed to confirm 
this observation; however, this initial study suggests that 
RSV/6120/ΔNS2/1030s is substantially less restricted in repli
cation than RSV/ΔNS2/Δ1313/I1314L. Like the Δ1313/I1314L 
mutation in RSV/ΔNS2/Δ1313/I1314L, the 1030s mutation in 
RSV/6120/ΔNS2/1030s had been stabilized through reverse ge
netics [29], and its stability was confirmed in combination with 
other attenuating mutations in 2 previous clinical studies [12, 
15, 29]. In the current study, partial sequencing of vaccine virus 
isolates further confirmed the stability of the ΔNS2 and 1030s 
mutations.

RSV-seronegative children that received RSV/6120/ΔNS2/ 
1030s (105 PFU) had higher rates of rhinorrhea than placebo 
recipients, all of grade 1 severity. In contrast, in the previous 
study of RSV/ΔNS2/Δ1313/I1314L (106) in RSV-seronegative 
children, vaccinees did not have an excess of respiratory or fe
brile illness [14]. While an increase in mild rhinorrhea likely 
would be acceptable for a live-attenuated RSV vaccine that is 
administered to infants aged 4 months and above, an increase 
in cough or LRI coincident with vaccine virus shedding would 
be concerning. There was a single instance of LRI associated 
with vaccine virus shedding in a seronegative recipient of 
RSV/6120/ΔNS2/1030s. While this potential safety signal re
quires further evaluation, this study was too small to reliably 
evaluate the occurrence of rarer safety events such as cough 
and LRIs.

RSV/6120/ΔNS2/1030s (105 PFU) compared well to RSV/ 
ΔNS2/Δ1313/I1314L (106 PFU) with respect to induction of 
RSV neutralizing antibody: postvaccination mean PRNT60 ti
ters were 6.5 log2 versus 6.0 log2 and 5.0 log2 following admin
istration of RSV/ΔNS2/Δ1313/I1314L, in previous studies [14, 
27]. A recent post hoc analysis of several studies of live- 
attenuated RSV vaccines suggested that the serum antibody re
sponse following vaccination may be useful as a predictor of 
vaccine efficacy [19]. As has been previously observed with 

several live-attenuated RSV candidate vaccines [11–14], RSV/ 
6120/ΔNS2/1030s primed for a substantial anamnestic anti
body response in children who were subsequently infected 
with wild-type RSV through community exposure.

Previous studies of RSV/ΔNS2/Δ1313/I1314L and the cur
rent study of RSV/6120/ΔNS2/1030s were performed using 
identical study schedules, clinical evaluation procedures and 
case definitions, and laboratory procedures (with assays per
formed in the same laboratories). Nevertheless, it is difficult 
to directly compare these investigational vaccines based on 
post hoc analyses because of several potentially confounding 
factors. As examples, it is possible that yearly differences in 
the overall burden of pediatric respiratory viruses in the com
munity will alter the baseline innate immune status in the respi
ratory tract, affecting vaccine “take,” and individual studies also 
differ in baseline RSV serum antibody titers in pediatric partic
ipants, possibly reflecting the presence of residual maternal an
tibodies or RSV exposures under the protection of maternal 
antibodies. Even when baseline RSV serum antibody titers in 
eligible RSV-seronegative participants are below the protocol- 
defined PRNT cutoff of 1:40, there is the potential that immune 
priming may occur in the absence of a detectable antibody 
response.

To reliably compare these 2 closely related vaccines, 
side-by-side evaluations in larger study cohorts under the 
same clinical protocol are needed. To this end, RSV/ΔNS2/ 
Δ1313/I1314L and RSV/6120/ΔNS2/1030s are currently being 
compared in a larger multisite phase 1/2 study 
(NCT03916185) that is powered to directly compare antibody 
responses to the 2 vaccines, and to compare the safety of each 
vaccine to placebo. However, this larger study still is underpow
ered to evaluate rare safety events, and the study design pre
cludes the frequent nasal sampling that is included here. This 
study provides detailed information regarding magnitude, ki
netics, and duration of RSV/6120/ΔNS2/1030s vaccine shed
ding, which will be essential for further development of this 
vaccine candidate.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online. Consisting of data provided by the 
authors to benefit the reader, the posted materials are not copy
edited and are the sole responsibility of the authors, so ques
tions or comments should be addressed to the corresponding 
author.
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