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Background:  Human  parainfluenza  virus  type  3  (HPIV3)  is  a common  cause  of  upper  and  lower  respira-
tory  tract  illness  in  infants  and  young  children.  Live-attenuated  cold-adapted  HPIV3  vaccines  have  been
evaluated  in  infants  but a  suitable  interval  for  administration  of  a  second  dose  of  vaccine  has  not  been
defined.
Methods:  HPIV3-seronegative  children  between  the  ages  of 6  and  36  months  were  randomized  2:1  in  a
blinded study  to  receive  two  doses  of  105 TCID50 (50%  tissue  culture  infectious  dose)  of  live-attenuated,
recombinant  cold-passaged  human  PIV3  vaccine  (rHPIV3cp45)  or placebo  6  months  apart.  Serum  anti-
body  levels  were  assessed  prior  to  and  approximately  4–6  weeks  after  each  dose.  Vaccine  virus  infectivity,
defined  as  detection  of  vaccine-HPIV3  in  nasal  wash  and/or  a ≥  4-fold  rise  in  serum  antibody  titer,  and
reactogenicity  were  assessed  on  days  3,  7, and  14  following  immunization.
Results:  Forty  HPIV3-seronegative  children  (median  age  13  months;  range  6–35  months)  were  enrolled;
27 (68%)  received  vaccine  and  13  (32%)  received  placebo.  Infectivity  was  detected  in  25  (96%)  of  26
evaluable  vaccinees  following  doses  1 and  9 of  26  subject  (35%)  following  dose  2.  Among  those  who  shed
virus,  the  median  duration  of  viral  shedding  was  12  days  (range  6–15  days)  after  dose  1  and  6  days  (range
3–8  days)  after  dose  2, with  a mean  peak  log10 viral  titer of  3.4  PFU/mL  (SD:  1.0)  after  dose  1 compared  to

1.5  PFU/mL  (SD:  0.92)  after  dose  2.  Overall,  reactogenicity  was  mild,  with  no  difference  in rates  of  fever
and upper  respiratory  infection  symptoms  between  vaccine  and  placebo  groups.
Conclusion:  rHPIV3cp45  was  immunogenic  and  well-tolerated  in seronegative  young  children.  A second
dose administered  6  months  after  the  initial  dose  was  restricted  in those  previously  infected  with  vaccine
virus; however,  the  second  dose  boosted  antibody  responses  and  induced  antibody  responses  in two

previously  uninfected  children
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. Introduction

Human parainfluenza virus type 3 (HPIV3) is an important cause
f respiratory disease in infants and young children, responsible
or both upper respiratory disease as well as lower respiratory
ract disease including bronchiolitis and pneumonia [1,2]. Human
arainfluenza viruses (HPIV) types 1–4 are associated with a sub-
tantial burden of disease in children overall, resulting in frequent
edical care and hospitalization for pediatric respiratory disease

3]; HPIV3 alone is second only to respiratory syncytial virus (RSV)
or causing bronchiolitis and pneumonia in infants less than 6

onths of age [1]. Patients of all ages with underlying pulmonary
isease or immunocompromising conditions may have serious
isease related to HPIVs, with HPIV3 being the most important
mong these viruses [4–6]. There is currently no licensed vaccine or
ntiviral therapy available for the prevention or treatment of HPIV
isease.

Live-attenuated HPIV3 vaccines have been developed and
ndergone clinical testing over the past several decades [7–10].
he use of the intranasal route for administration of live-attenuated
iral vaccines may  offer advantages for immunization against HPIV
n young children, including the potential for induction of both

ucosal and systemic immunity against infection [7–9,11]. As with
ive-attenuated influenza virus vaccines, more than one dose of
hese live-attenuated vaccines may  be needed to induce sustained
rotection in infants and young children [9,12].

Two approaches to development of live-attenuated HPIV3 vac-
ines have been taken. The related animal virus bovine PIV3 was
sed to create chimeric human bovine PIV3 vaccines [13–16]. In
ddition, live-attenuated vaccine candidates from human HPIV3
trains were derived via repeated passages at low temperature
17–20]. The most attenuated of these, designated cp45, was exten-
ively evaluated in phase I and II clinical trials in children and
nfants as young as one month of age [8,21–23].

More recently, a cDNA-derived recombinant version of this bio-
ogically derived vaccine was developed, designated rHPIV3cp45.
he rHPIV3cp45 vaccine contains the 15 known attenuating muta-
ions present in the biologically derived virus [24]. The use of a
DNA approach has the advantage of using a virus with a short,
ell-characterized passage history as well as the ability to readily

egenerate and modify the virus as needed [7]. The rHPIV3cp45 vac-
ine was recently evaluated in a phase I trial in which infants ages
–12 months were randomized to receive two doses of rHPIV3cp45
accine or placebo, administered 4–10 weeks apart [25]. While the
afety profile and the infectivity of the first dose of rHPIV3cp45
ere similar to that previously observed with the biologically
erived virus, the second dose of vaccine was highly restricted in
eplication and did not boost serum antibody responses [25]. For
his reason, we explored whether extending the interval between
oses might enhance the infectivity and immunogenicity of a
econd dose of vaccine. The purpose of this study was to deter-
ine the tolerability, infectivity, and immunogenicity of two  105

CID50 doses of rHPIV3cp45 administered 6 months apart to HPIV3
eronegative infants and children.

. Materials and methods

.1. Vaccine

The experimental vaccine rHPIV3cp45 is a live recombinant
r)-derived attenuated human (H) PIV3 virus that is genetically

nd phenotypically comparable to the extensively evaluated, bio-
ogically derived HPIV3cp45 vaccine [25], the vaccine previously
valuated in infants as young as 1–2 months of age [8]. The seed
irus for the production of this experimental vaccine was generated
1 (2013) 5706– 5712 5707

at the Laboratory of Infectious Diseases (LID), National Institutes
of Allergy and Infectious Diseases (NIAID), National Institutes of
Health (NIH) in Bethesda, MD.  The clinical lot of vaccine virus
was  prepared at Charles River Laboratories (Malvern, PA). The
rHPIV3cp45 clinical lot (Lot PIV3#102A) was tested for sterility,
infectivity, sequence identity, safety in animals, and the presence
of adventitious agents. The lot passed all tests satisfactorily. Vac-
cine virus was stored frozen at −70 ◦C and had a mean infectivity
titer of 107 tissue culture infectious doses (TCID50) per mL.  Final
vial content was  diluted to dose on-site.

2.2. Study population

This randomized, double-blind, placebo-controlled outpatient
trial enrolled HPIV3 seronegative subjects between the ages of 6
and 36 months who were randomized in a 2:1 ratio to receive
2 doses of vaccine or placebo, respectively. The ClinicalTrials.gov
identifier for this study is NCT01254175. For the purpose of this
study, HPIV3-seronegative was defined as a hemagglutination inhi-
bition (HAI) serum antibody titer of <1:8 [8,21,23]. The study was
conducted between March 2010 and June 2012 at the Johns Hop-
kins University Center for Immunization Research (CIR), Baltimore,
MD,  the Seattle Children’s Research Institute (SCHRI) in Seattle, WA,
and the following pediatric clinical research sites affiliated with
the International Maternal Pediatric Adolescent AIDS Clinical Tri-
als Group (IMPAACT): Miller Children’s Hospital, Long Beach, CA;
University of California-San Diego, San Diego, CA; Rush Univer-
sity, Cook County Hospital, Chicago, IL; Lurie Children’s Hospital
of Chicago, Chicago, IL; Columbia University Medical Center, New
York, NY; Duke University Medical Center, Durham, NC; Seattle
Children’s Hospital, Seattle, WA;  and San Juan City Hospital, San
Juan, Puerto Rico.

Inclusion criteria for young children participating in this trial
included being in a good state of health, up-to-date on routine
immunizations, and having parents or legal guardians willing
and able to sign informed consent. Children were excluded from
participation if they had known or suspected reactive airway dis-
ease, major congenital malformations, impaired immunological
functions, were receiving immunosuppressive therapy or were
recipients of a solid organ or bone marrow transplant, lived in
a home environment with a young infant < 6 month of age or
a severely immunosuppressed family member, had been previ-
ously immunized with HPIV3 vaccine or were known to have
hypersensitivity to any vaccine component. Children born to HIV-
infected women were eligible if the child was confirmed to be
HIV-uninfected. Children who  had a recent fever (≥100.7 ◦F), an
acute upper respiratory illness, recent acute otitis media, received
a live-attenuated routine vaccine within 4 weeks or inactivated
routine vaccine within 2 weeks, received systemic steroids or
antibiotics, or a history of prematurity (<37 weeks gestation) with
an age < 1 year were deferred for later enrollment.

2.3. Study design

Children were screened for HPIV3 antibody within 30 days prior
to enrollment. At enrollment, seronegative children were random-
ized to receive 2 doses of 105 TCID50 of vaccine virus or placebo
(1x qualified Leibovitz L-15 medium, Lonza, Walkersville, MD)
approximately 6 months apart (Fig. 1). Subjects were randomized
2:1 to receive 2 doses of vaccine or 2 doses of placebo using a
predetermined randomization scheme assigned by the unblinded

pharmacy or laboratory dispenser. A volume of 0.5 mL  of vaccine
or placebo was delivered via nose drops (0.25 mL  per nostril) by a
blinded study nurse using a sterile, needle-less syringe while the
subject was supine. Immediately after dosing, subjects remained
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ig. 1. The study design is depicted below. All vaccine recipients who  participated i
or  both dose 1 and dose 2. Abbreviations: D = study day; NW = collection of nasal w

upine for approximately 60 s and were observed for adverse events
or 30 min.

Serum was collected prior to the first dose, immediately prior
o the second dose, and 4–6 weeks after the second dose. Nasal
ashes were performed prior to inoculation (day 0) and on days

(+1), 7(±1), and 14(−2) following inoculation for each dose. As
escribed below, the infectivity and phenotypic stability of the vac-
ine virus were assessed at each study visit from collected nasal
ash specimens.

All subjects were monitored for 17 days following each inoc-
lation for respiratory or febrile illnesses [25], with additional
hysical examination and nasal wash collection in the event of
espiratory or febrile illness. Parents and study staff monitored
emperature daily using the Phillips Sensor Touch® thermometer,

 temporal artery thermometer, to screen for elevated temper-
tures [26]. Any temporal temperature ≥100 ◦F was  verified by
btaining rectal temperatures within 20 min  using standard ther-
ometers provided by the study. Prior to immunization and when

llness symptoms were reported, nasal washes were obtained and
ested for adventitious agents by viral culture and/or rRT-PCR test-
ng (Fast-track Diagnostics, Luxembourg). Lower respiratory tract
nfections (LRIs), defined as confirmed wheezing, rales, pneumo-
ia, croup, or rhonchi, or radiologic evidence of pneumonia, were
ategorized as serious adverse events, regardless of severity.

.4. Clinical trial oversight

Written informed consent was obtained from parents or legal
uardians of study participants prior to screening and enrollment.
hese studies were conducted in accordance with the principles
f the Declaration of Helsinki and the standards of Good Clinical
ractice (as defined by the International Conference on Harmo-
ization). This study was performed under the NIAID-held inves-
igational new drug application BB-IND#12592 and was  reviewed
y the US Food and Drug Administration. The clinical protocols,
onsent forms, and investigator-brochures were developed by CIR,
CHRI, IMPAACT, and NIAID investigators, and were reviewed

nd approved by each institution’s respective institutional review
oards as well as the NIAID Regulatory Compliance and Human
ubjects Protection Branch (RCHSPB). Clinical data were regularly
eviewed by clinical and NIAID investigators and by the Data Safety
onitoring Board of the NIAID Division of Clinical Research.
 2 of the study, received vaccine for dose 2. All placebo recipients received placebo
 = blood draw for collection of sera.

2.5. Isolation and quantitation of vaccine virus

Nasal washes were performed using a sterile nasal bulb
syringe and 15–20 mL  of lactated Ringer’s solution instilled into
the child’s nares. Aliquots of nasal washes were snap frozen in
sucrose-phosphate-glutamate viral transport medium as previ-
ously described (8) and stored at −80 ◦C. For primary virus isolation
and quantitation, an aliquot of each nasal wash was rapidly thawed
and inoculated onto LLC-MK2 cells and incubated at 32 ◦C at the CIR
laboratory [8,27]. Titers of vaccine virus are expressed as tissue-
culture infectious dose 50 (TCID50) per mL  of nasal wash fluid, with
a lower limit of detection of 100.6 TCID50/mL.

2.6. Genotypic characterization of vaccine virus

To differentiate between infection with rHPIV3cp45 vaccine
virus and intercurrent natural infection with wild-type (wt) HPIV3,
nucleotide sequencing was  performed on isolates obtained at the
peak of virus shedding from all children who  shed HPIV3 after either
dose of vaccine. Virus isolates were produced by inoculating nasal
wash onto LLC-MK2 cells and harvesting the supernatant 6–7 days
later. Viral RNA was extracted using QIAamp Viral RNA Mini Kits
(Qiagen, Valencia, CA), and cDNA was  generated using Superscript
First-Strand Synthesis System for RT-PCR (Invitrogen, Carlsbad, CA).
For each sample, cDNA was  amplified with the Clontech Advantage
HF 2 PCR Kit (Clontech, Mountain View, CA) to generate a PCR prod-
uct covering a segment of the F gene (nucleotides 5000-7251) that
contains two attenuating mutations in rHPIV3cp45 (encoding Ile-
420 to Val and Ala-450 to Thr). DNA was purified using the High
Pure PCR Product Purification kit (Roche Diagnostics, Mannheim,
Germany). Sequencing was  performed using ABI Big-Dye (Applied
Biosystems, Foster City, CA) on an ABI3730 sequencer.

2.7. Detection of adventitious viral agents

Nasal wash specimens obtained just prior to inoculation, on
days 3 (range 3–4 days), 7 (range 6–8 days), and 14 (range 12–14
days), and at the time of any respiratory or febrile illness were

tested for adventitious viral agents either by viral culture [8,27] or
by reverse transcription real-time polymerase chain reaction assay
(rRT-PCR; Fast-track Diagnostics, Luxembourg). Tested adventi-
tious agents included the following: coronavirus, adenovirus,
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Table  1
Demographic characteristics of infants and children enrolled in the study.

Median age, months (range) Vaccine (n = 27) Placebo (n = 13) P-value

Dose 1 (n = 40) 13 (6–35) 16 (6–29) 0.34
Dose 2 (n = 39) 18 (12–40) 23 (13–34) 0.27

Male, no (%) 17 (63) 7 (54) 0.73
Race, no (%)

Asian 0 (0) 1 (8) 0.33
Black 9 (32) 3 (23) 0.72
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Caucasian 14 (50) 9 (69) 0.33
Multi-racial/unknown 4 (14) 0 (0) 0.28

Hispanic, no (%) 9 (33%) 2 (15%) 0.29

nterovirus, parechovirus, respiratory syncytial virus A/B,
arainfluenza viruses types 1–4, human metapneumovirus
/B, bocavirus, and mycoplasma pneunominae.

.8. Antibody assays

Serum specimens were stored frozen until use. Sera were tested
or HPIV3 antibody by the HAI antibody test method, starting at a
erum dilution to 1:4, with 2-fold dilution increments and endpoint
itration [25].

.9. Data analysis

Infection with vaccine virus was defined as either the isolation of
accine virus or a ≥ 4-fold rise in antibody titer [25]. The mean peak
iter of vaccine virus shed (log10 TCID50/mL) and duration (last day)
f shedding were calculated for infected vaccinees only. Data were
nalyzed using Stata 12.0 (STATA Corp, College Station, TX). HAI-
eciprocal titers were transformed to log2 values for calculation
f mean log2 titers, and Student’s t test was used to compare HAI
iters between groups. Baseline data and illness rates between the
roups were compared using independent sample unequal vari-
nce t-tests for continuous variables and Fisher’s exact tests for
ategorical variables.

. Results

.1. Population

A total of 40 infants and young children were enrolled into this
tudy (Fig. 2), with a median age of 13 months (range 6–35 months).
he 27 (68%) subjects randomized to receive vaccine received the
rst dose at a median age of 13 months (range 6–35 months), and 26
67%) received the second dose at a median age of 18 months (range
2–40 months). The 13 placebo recipients received the first and sec-
nd doses at a median age of 16 months (range 6–29 months) and
3 months (range 13–34 months), respectively. There were no sig-
ificant differences in age at vaccination, gender, racial, and ethnic
rofiles between vaccine and placebo groups (Table 1). Thirty-nine
98%) subjects received two doses of vaccine (n = 26) or placebo
n = 13). Thirty-nine (98%) had a blood sample obtained following
he first vaccine dose and second vaccine dose. The median dura-
ion of participation for each subject was 28 weeks (range 26–32
eeks). Study follow-up was excellent, with only one subject lost

o follow-up.

.2. Vaccine safety and reactogenicity

The rHPIVcp45 vaccine was well tolerated by the study subjects.

o serious adverse events related to study vaccine were reported

n any subject; specifically, no lower respiratory tract disease or
ther respiratory illnesses requiring medical attention considered
o be related to study vaccine occurred throughout the trial. Rates
1 (2013) 5706– 5712 5709

of fever did not differ significantly between vaccine and placebo
groups following either dose 1 or dose 2 of study drug, with rates
similar and < 15% in both vaccine and placebo groups following each
vaccine dose (Table 2). Mild upper respiratory signs and symptoms
were common following both dose 1 and 2 of vaccine and placebo
(Table 2), but cough was  uncommon, occurring only in 3 (11%)
vaccine recipients after the first dose of vaccine. Otitis media was
documented following the first dose of study drug in one (4%) vac-
cine recipient (first documented on day 15) and one (8%) placebo
recipient (first documented on day 18). Rates of illness did not dif-
fer significantly following the first or second dose of vaccine and
were similar in vaccine and placebo recipients (P = 0.73 and 0.71,
respectively for dose 1 and dose 2).

Nasal washes obtained from participants were tested for adven-
titious agents on day 0 prior to vaccination with study drug. Nasal
washes were also obtained and tested for potential adventitious
agents in 15 symptomatic subjects (11 vaccine recipients; 4 placebo
recipients) following dose 1 and in 12 symptomatic subjects (9 vac-
cine recipients; 3 placebo recipients) following dose 2 (Table 2).
Viruses other than rHPIV3cp45 were detected in 14/27 (52%) vac-
cine recipients following dose 1 of vaccine and 7/26 (27%) following
dose 2. Viruses other than rHPIV3 were detected in 5/13 (38%)
placebo recipients after both dose 1 and dose 2. Viruses other than
rHPIV3cp45 were identified in 25 nasal wash specimens follow-
ing dose 1, and 17 nasal wash specimens following dose 2. The
most common adventitious agent detected throughout the study
was  rhinovirus: 7/40 (17.5%) with dose 1 and 6/39 (15.4%) with
dose 2. Noted adventitious agents detected in both vaccinees and
placebo recipients throughout the study included adenoviruses,
bocaviruses, coronaviruses, enteroviruses, HPIV1 and 4, and rhi-
noviruses.

3.3. Infectivity and Immunogenicity of rHPIV3cp45

Shedding of vaccine virus was documented in 24 of 27 (89%) chil-
dren following the first dose of vaccine and 9 of 26 (35%) following
the second dose (P < 0.001) (Table 2). The median duration of viral
shedding in those infected with vaccine virus was 12 days (range
6–15 days) following the first dose compared with 6 days (range
3–8 days) following the second dose of vaccine, with the peak mean
log10 titer following the first dose of 3.4 PFU/mL (SD 1.0) compared
to 1.5 PFU/mL (SD 0.92) following the second dose (P < 0.001). A 4-
fold or greater increase in serum antibody was documented in 23 of
26 (88%) evaluable children following the first dose of vaccine, with
a mean log2 HAI antibody titer of 5.3 ± 1.8, and in six of 26 (23%)
children following the second dose, with a mean log2 antibody titer
of 6.2 ± 1.5. At the time of the first dose of vaccine, the age of vac-
cine recipients who were infected after dose 1 [13.9 months (SD:
1.53)] was  significantly older than those who were infected after
dose 2 [9.1 months (SD 0.61)] (P = 0.007). Among vaccine recipients
(n = 26), those with higher pre-dose antibody titers were less likely
to shed virus (P = 0.03). The mean pre-dose 2 antibody titer in those
who  did not shed virus (n = 17) was 6.1 (SD 1.6), as compared to the
mean pre-dose 2 antibody titer in those who did shed virus [(n = 9;
mean viral antibody titer 4.3 (SD 2.1)].

HPIV3 was detected in one placebo recipient beginning on day
0 of the study, prior to vaccination. This isolate was confirmed by
RT-PCR amplification and sequence analysis to be wild type HPIV3
and not vaccine virus. In addition, vaccine virus was  isolated from
nasal wash samples of each vaccinee that shed (n = 33; 24 after
does 1, 9 after dose 2) and confirmed to be vaccine virus by RT-

PCR and sequencing. Isolates from all of the vaccinees contained
the expected rHPIV3cp45 mutations (data not shown), thus con-
firming that the virus was vaccine derived, and that the attenuating
mutations were maintained during vaccine virus replication.
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Fig. 2. CONSORT participant flow diagram.

Table 2
Clinical and virologic responses of infants and children following rHPIV3cp45 or placebo.

Dose 1 P-value Dose 2 P-value

Vaccine Placebo Vaccine Placebo

Total subjects (N) 27 13 26 13
Subjects with sera collected (N) 26 13 26 13
N  (%) of evaluable infecteda 25/26 (96) 3/13 (23) <0.001 9/26 (35) 0 (0) 0.018
N  (%) of evaluable shedding vaccine virus 24/27 (89) 0/13 (8) <0.001 9/26 (35) 0 (0) 0.018
Median days of shedding (range)b 12 (6–15) N/A – 6 (3–8) N/A –
Mean peak viral titer in log10 TCID50/mLc (SD) 3.4 (1.0) – – 1.5 (0.92) – –
N  (% of subjects with sera) with 4-fold rise in antibody titer 23 (88) 3 (23) <0.001 6 (23) 0 (0) 0.081
Median log2-fold change in HAI antibody titer (range) 5 (0–7) 0 (0–6) <0.001 0 (−1 to 5) 0 (0–0) 0.017
N  patients with illness (%)

Fever 3 (11) 2 (15) 1.00 3 (12) 1 (8) 1.00
Upper respiratory tract infection 9 (33) 4 (31) 1.00 7 (27) 2 (15) 0.689
Rhinorrhea 9 (33) 4 (31) 1.00 7 (27) 2 (15) 0.69
Pharyngitis 0 (0) 1 (8) 0.33 0 (0) 0 (0) –
Lower respiratory tract infection 0 (0) 0 (0) – 0 (0) 0 (0) –
Cough 3 (11) 0 (0) 0.538 0 (0) 0 (0) –
Otitis  media 1 (4) 1 (8) 1.00 0 (0) 0 (0) –
Any  respiratory or febrile illness 11 (41) 4 (31) 0.730 9 (35) 3 (23) 0.714

a Infection was defined as vaccine virus isolation and/or ≥4-fold rise in serum antibody titer.
b Duration of shedding was calculated for infected subjects only, and was defined as the time between inoculation and the last day on which vaccine virus was recovered.
c Mean peak titer of virus shed was calculated for infected subjects only.
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ig. 3. Reciprocal HAI antibody levels before and after dose 1 and dose 2 for all
ndividual vaccine recipients.

Antibody responses following each vaccine dose are shown in
ig. 3. The majority of study participants (23/26, 88%) had a 4-fold or
reater antibody rise following the first dose of vaccine. No subject
ad a 4-fold rise in titers to indicate natural infection between dose

 and dose 2. While the mean log2 antibody titer did not increase
ignificantly for the entire group of vaccinees after the second vac-
ine dose, ≥4-fold increases in titer were observed for 4 of the 5
hildren who had a log2 antibody titer of ≤4 following the first dose
f vaccine. Thus, the net effect of the second dose was to increase the
roportion of subjects achieving relatively high HAI antibody titers:
hereas only 15 children achieved post-vaccination log2 titers >6

bserved following the first dose of vaccine, 21 achieved log2 titers
6 following the second dose. Only one evaluable vaccine recipient
ad neither seroconversion nor viral shedding documented. Over-
ll infectivity, defined as either viral shedding or a ≥4-fold rise in
ntibody titer, was observed in 25 of 27 (93%) of vaccinated chil-
ren following the first dose and 9 of 26 (35%) following the second
ose of vaccine. Three (23%) placebo recipients had a ≥ 4-fold rise

n HAI antibody titers four to six weeks following the first dose of
accine, including the child who shed wt HPIV3.

. Discussion

The purpose of this study was to determine whether increasing
he interval between doses was able to enhance the infectivity of a
econd dose of rHPIV3cp45. The results of this study confirmed our
nitial experience with rHPIV3cp45 [25]: the vaccine was  safe and

ell-tolerated with good rates of infectivity and antibody response
ollowing a single dose of vaccine. We  demonstrated that children
ith a substantial antibody response following the first dose of

accine did not seem able to be either infected or boosted when
 second dose was administered approximately 6 months after the
rst dose. In contrast, the second dose of vaccine given six months

ater appeared to boost antibody titers in those with a suboptimal
esponse following the first dose, and it was associated with lower
mounts of detectable virus in the nasal wash. Of interest, chil-
ren who required a second dose of vaccine to achieve an antibody
esponse were significantly younger than those who did not. Over-

ll, this study demonstrated that two doses separated by 6 months
re able to infect children under three years of age who were not
nfected with a single dose of vaccine.

As expected for a pediatric trial, high rates of infections and
ymptoms with other viruses were common, but rates and typesof
1 (2013) 5706– 5712 5711

viruses and symptoms were similar between placebo and vac-
cine groups, emphasizing the need for placebo-controlled trials.
The detection of adventitious agents using molecular diagnostic
techniques was helpful in assessing potential causality of fever in
subjects in this trial, since many of both placebo and vaccine recip-
ients had fever associated with infection with other viruses during
the trial. Since HPIV3 typically circulates during the spring and sum-
mer  months when these trials are conducted, sequence analysis
proved a useful tool for differentiating between infection with wt
and vaccine virus. This technology is important in assessing the
safety and reactogenicity of vaccines and the conduct of clinical
trials: illness in a placebo recipient was able to be directly related
to infection with wtHPIV3 and not to potential spread of vaccine
virus in the clinic setting.

Previous clinical studies with similar HPIV 3 vaccines have
shown good immunogenicity. For example, the 2003 study by
Karron et al. in adults, children, and infants revealed 82–100% infec-
tivity of a single dose in seronegative children between the ages of
6–36 months using a dose of either 104 or 105 [8]. A later study by
Bernstein et al. studied the recombinant HPIV3 vaccine utilized in
our clinical trial, rHPIV3cp45, in infants 6 to less than 12 months
of age with 3 doses of vaccine at a dose of 105 [10]. In this younger
population, viral shedding after dose 1 was documented in 85% of
recipients compared with 89% in our older population. After 3 doses
in the Bernstein trial, either seroresponse or shedding occurred
in 95% of vaccine recipients compared with our rate of infectiv-
ity (seroresponse or shedding) in 96% after dose 1 and 93% after
dose 2.

Future use of this vaccine may include immunization of
young infants, potentially with repeated dosing to ensure optimal
immunogenicity. Since the youngest children are at highest risk
for hospitalization or receiving medical care, this group would be
the natural targets for immunization to provide the most protec-
tion against disease. In addition, use of rHPIV3cp45 in combination
with live-attenuated RSV and human metapneumovirus (HMPV)
vaccines can be envisioned as a strategy to provide broad protec-
tion against important respiratory viral pathogens of infancy and
early childhood [18]. A dosing schedule for this type of vaccine
would need to be harmonized with current pediatric vaccination
schedules.
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