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West Nile virus (WNV) is a major cause of mosquito-borne
illness in the United States. Human disease ranges from mild
febrile illness to severe fatal neurologic infection. Adults aged
>60 years are more susceptible to neuroinvasive disease accom-
panied by a high mortality rate or long-lasting neurologic se-
quelae. A chimeric live attenuated West Nile virus vaccine,
rWN/DEN4A30, was shown to be safe and immunogenic in
healthy adults aged 18-50 years. This study evaluated rWN/
DEN4A30 in flavivirus-naive adults aged 50-65 years and
found it to be safe and immunogenic. Outbreaks of WNV infec-
tion tend to be unpredictable, and a safe and effective vaccine
will be an important public health tool.
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West Nile virus (WNV) is a positive-strand RNA virus of the
family Flaviviridae, part of the Japanese encephalitis virus sero-
complex that includes important human pathogens such as
Murray Valley encephalitis, Japanese encephalitis, and
St. Louis encephalitis viruses [1]. WNV has been present in Af-
rica and Asia for decades and has usually been associated with
mild illness that includes symptoms of low-grade fever, head-
ache, rash, myalgia, and arthralgia. Recently, WNV has spread
rapidly across the western hemisphere and is now the major vec-
tor-borne cause of viral encephalitis in the United States. By
2010, 3 million adults were estimated to have been infected
with WNYV in the United States, with nearly 13 000 cases of
neuroinvasive disease, almost half of which occurred in adults
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>60 years of age [2-6]. In this age group, WNV infection can
cause hepatitis, meningitis, and encephalitis, leading to paraly-
sis, coma, and death. WNV is considered an emerging infection
in the United States and presents a significant public health
threat. This epidemiological trend of WNV suggests that the
United States can expect periodic WNV outbreaks, underscor-
ing the need for a safe and effective vaccine to protect at-risk
populations, especially older adults.

The live attenuated WNV vaccine (rWN/DEN4A30) is a chi-
meric virus in which the prM and E structural protein genes of
the DEN4A30 virus have been replaced by those of WNV strain
NY99 [7]. Attenuation of rWN/DEN4A30 virus was achieved by
2 mechanisms: antigenic chimerization of WNV with nonneur-
oinvasive dengue virus serotype 4 (DENV-4) and the presence
of a 30-nucleotide deletion in the 3" untranslated region. This
strategy has led to an acceptable balance of attenuation and im-
munogenicity, as demonstrated previously [7-12]. In nonhu-
man primates, rWN/DEN4A30 was highly attenuated, with
no evidence of neuroinvasive disease, and all monkeys inoculat-
ed with a single dose of rWN/DEN4A30 demonstrated moder-
ate-to-high levels of WNV-specific neutralizing antibodies and
were completely protected against challenge with WNV NY99
[8,9]. In addition, results of a comprehensive study of neuropa-
thogenesis of the vaccine in the central nervous system of rhesus
monkeys demonstrated a high level of neuro-attenuation of
rWN/DEN4A30 as compared to that of the yellow fever 17D
reference vaccine [10]. rWN/DEN4A30 also demonstrated re-
stricted replication in young geese and reduced ability to infect,
replicate, and disseminate in both Culex and Aedes mosquitoes,
diminishing its risk of mosquito-bird-mosquito cycle transmis-
sion in wildlife [9, 11].

Previous studies evaluated rWN/DEN4A30 in humans in 2
separate clinical trials [12]. The vaccine lot WN/DEN4#1 (Nova-
vax, Rockville, MD) was evaluated at 10° plaque-forming units
(PFU) and 10* PFU in 56 healthy adult subjects between the
ages of 18 and 50 years in phase 1 clinical trials at the Center
for Immunization Research (CIR) of the Johns Hopkins Bloom-
berg School of Public Health (JHSPH; Baltimore, MD) and at
Vanderbilt University (Nashville, TN). A separate study in 28
adult subjects evaluated a new vaccine lot, WN/DEN4#108A
(manufactured by Charles River Laboratories, Malvern, PA), at
a potency of 10°> PFU given as 2 doses 6 months apart. The vac-
cine was well tolerated, safe, and immunogenic at all doses. No
vaccinee developed a WNV-like illness, and there were no vac-
cine-related serious adverse events [12]. To assess safety and im-
munogenicity of this promising vaccine in a target population of
older adults naive to WNV, we chose a dose of 10* PFU to per-
form a phase 1 trial of rWN/DEN4A30 in adults 50-65 years old.
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METHODS

This study was conducted under an investigational new drug
application (BB-IND no. 11940) at the CIR of the JHSPH and
Robert Larner MD College of Medicine at the University of
Vermont (UVMCOM,; Burlington) and was approved by the
institutional review boards and biosafety committees of both in-
stitutions. The National Institute of Allergy and Infectious Dis-
eases Intramural Data Safety Monitoring Board was convened
for periodic review of all study data. The trials were registered
with Clinicaltrials.gov as NCT02186626.

Study Population

Twenty-eight healthy adult volunteers aged 50-65 were recruit-
ed from the Baltimore and Burlington areas. Informed consent
was obtained prior to initiation of any study procedures. Indi-
viduals were eligible for inclusion if they were healthy, aged 50-
65 years, and screen negative for hepatitis C and B viruses and
HIV; had no evidence of prior DENV-1-4, WNV, St. Louis en-
cephalitis virus, or yellow fever virus infection; and had normal
screening values of liver function tests (LFTs), complete blood
count (CBC), creatinine level, prothrombin and partial throm-
boplastin times, and urine analysis. Female subjects of child-
bearing potential were required to have a negative pregnancy
test at screening and on vaccination day and were required to
use a reliable method of contraception for the duration of the
study. Subjects were also asked to be present for the duration
of study, to complete a temperature card by recording oral tem-
peratures 3 times daily, and to comply with study procedures of
clinician examination and blood specimen collection.

Study Design

On the day of vaccination, subjects were randomly assigned to
receive either 10* PFU of rWN/DEN4A30 or placebo (vaccine
diluent) given as a single 0.5-mL subcutaneous injection.
After vaccination, subjects were evaluated for reactogenicity
and adverse events (Table 1) every other day through study
day 16 and then on study days 21, 28, 56, 90, and 180. A
blood specimen was collected at each visit through study day
28 for detection of viremia and/or performance of safety-
associated laboratory analyses, including determination of a
CBC with differential, determination of the alanine aminotrans-
ferase level, and coagulation studies. Neutralizing antibodies
were measured against 3 viruses on days 0, 28, 56, 90, and
180.After administration of second dose or placebo at day
180, the laboratory and clinical assessments followed a schedule
identical to the first-dose follow-up schedule. Neutralizing an-
tibody was measured using the 50% plaque reduction neutrali-
zation test (PRNTso) with 2 wild-type (WT) WNV strains
(NY99-35262 and R94224) as the target viruses. Previously
published genome sequence analysis of structural proteins indi-
cated that R94224 belongs to the WNO02 genotype of WNV [13].
Serum neutralizing antibody titers against vaccine virus (lot
WN/DEN4#108A) were measured following receipt of the

Table 1. Summary of Systemic Adverse Events Following Administration
of rWN/DEN4A30 Vaccine or Placeho

Dose 1, Subjects, % Dose 2, Subjects, %

Adverse Vaccine Placebo P Vaccine Placebo P
Event (n=20) (n=8) Value (n=19) (n=8) Value
Fever 0 0 0 0
Headache 25 12.5 .639 26.3 25 .639
Rash 10 12.5 1.000 0.0 0
Neutropenia 0 0 0 0
Elevated 0 12.5 .286 0 0

ALT level
Myalgia 10 0 1.000 5.3 12.5 513
Arthralgia 0 0 0 0
Retro-orbital 0 0 0 0

pain
Fatigue 10 375 123 10 25 .558
Nausea 25 12.5 .639 10.5 12.5 1.000
Photophobia 0 0 0 0
Elevated PT 0 0 0 0
Elevated 5 0 1.000 0 0

PTT

Abbreviations: ALT, alanine aminotransferase; PT, prothrombin time; PTT, partial
thromboplastin time.

first and second vaccination. The durability of the antibody
response was assessed 180 days following receipt of first and sec-
ond vaccination. Viremia was assessed using a standard plaque-
forming assay as described in previous studies [14]. Baseline
characteristics and the frequency of adverse events (AEs) were
compared between vaccine and placebo recipients. Statistical
significance of the incidence of AEs was determined using the
Fisher exact test, and for the mean viremia data, the Tukey-
Kramer multiple comparison test was used (JMP, version
11.1.1; SAS Institute, Cary, NC).

RESULTS

A total of 28 subjects were enrolled, with 14 women (50%) and
14 men (50%) between the 2 sites. At each site, 10 subjects re-
ceived vaccine and 4 received placebo. The mean age of subjects
was 55.5 years (range, 50-65 years). Eight subjects were aged
>60 years. Eighteen subjects (64%) were white, and 10 subjects
(36%) were African American. Vaccine and placebo recipients
were distributed evenly between the male and female volun-
teers. There were no injection site reactions nor was fever re-
ported in any subject. None of the observed AEs was
significantly associated with vaccination. The most commonly
reported AE was headache, in 5 (25%) of vaccinees and 1 pla-
cebo recipient (12.5%; Table 1). Two vaccinees and 1 placebo
recipient experienced a rash similar to that associated with
dengue vaccine; all cases were mild. Before receipt of the second
dose, one of the vaccinees was incarcerated and was withdrawn
from the study; the remaining 19 vaccinees received a second
dose of vaccine at day 180. Of the 27 volunteers who received
a second dose of vaccine or placebo, headache was again the
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Table 2. Serologic Response to Wild-Type (WT) and Vaccine West Nile Viruses, by Time After Administration of WN/DEN4A30 Vaccine

Geometric Mean Reciprocal PRNTgq Titer Against WT and Vaccine Viruses

Seroconversion,?

Target Virus Subjects, No. (%) Peak After Dose 1 (Range)

Day 180 (Range) Peak After Dose 2° (Range) Day 360 (Range)

WNO02 20 (95) 62 (19-274)
WN99 20 (95) 66 (15-285)
VWN/DEN4A30 20 (95) 155 (64-286)

13 (<b-64) 26 (7-104) 20 (7-68)
28 (<6-194) 48 (8-126) 35 (5-103)
84 (38-134) 194 (95-296) 68 (36-122)

Abbreviation: PRNTso, 50% plaque reduction neutralization test.

? Defined as a >4-fold rise in serum neutralizing antibody titer by day 90.

° Nineteen of 20 subjects received a second dose. Eighteen of 19 subjects had serologic findings from day 360, owing to incarceration of 1 subject.

most commonly reported AE, occurring in 3 vaccinees (26.3%)
and 2 placebo recipients (25%; Table 1).

Vaccine viremia was detected in 3 subjects (15%) following
receipt of the first dose; none of the subjects was viremic follow-
ing receipt of the second dose. The peak viral titer was 0.7 log;o
PFU/mL of serum, and viremia was detectable for a mean du-
ration of 2.3 days.

The levels of neutralizing antibody against WNV were deter-
mined by PRNT5,, using WNV strain NY99 (WN99), which
appeared in the United States in 1999; WNO02 genotype strain
(WNO02), which was isolated from human brain tissue in
2008; or vaccine virus. The geometric mean peak titer for the
20 vaccinees following receipt of the first dose was 1:62, 1:66,
and 1:155 when the target virus was WN02, WN99, and
rWN/DEN4A30 virus, respectively (Table 2). For the 19 volun-
teers who received a second dose of rWN/DEN4A30, the

geometric mean peak titer was 1:26, 1:48, and 1:194 against
WNO02, WN99, and rWN/DEN4A30 virus, respectively. Follow-
ing receipt of the first dose of vaccine, 95% of vaccinees serocon-
verted (PRNTS;, titer, > 1:10) by day 90.

DISCUSSION

Previous studies with rWN/DEN4A30 in adults aged 18-50
years demonstrated that the vaccine was safe, immunogenic,
and well tolerated [12]. As the neurologic complications of
WNYV are highest in older adults, it is important to evaluate
the performance and safety of rWN/DEN4A30 in this vulnera-
ble age group, as they would be the ideal target age group for
vaccination [4, 5]. The purpose of this study was to evaluate
the immunogenicity and safety of rWN/DEN4A30 in that target
population. Overall, the vaccine was well tolerated, and there
were no significant differences in reported AEs between vaccine

Table 3. Neutralizing Antibody Titer Against WN/DEN4A30 Vaccine Virus, by Study Day, for Each Vaccinated Patient

Reciprocal PRNTsq Titer Against Vaccine Virus

Age at First

Subject Vaccination, y Day 28 Day 56 Day 90 Day 180 Day 208 Day 236 Day 270 Day 360
290.01.001 60 1320.0° 1182.0 561.0 487.0 2791 433.8 814.6 679.1
290.01.002 54 159.0 220.0 237.0° 31.8 131.8 NA NA NA
290.01.003 61 141.0 164.0 178.0° 199.4 409.9 374.3 281.1 224.6
290.01.006 50 1310.0 1335.0 2633.0% 238.0 213.6 102.9 127.6 136.5
290.01.007 57 43.0° 15.0 4.0 5.2 173.7 167.7 139.3 19.9
290.01.008 62 4.0 461.0% 132.0 57.7 134.8 111.2 88.9 43.4
290.01.009 5b) 406.0° 137.0 113.0 24.2 144.7 111.9 41.3 50.8
290.01.011 51 5.0 486.0% 154.0 47.3 NA NA NA NA
290.01.012 54 314.0 824.0° 546.0 161.5 248.9 128.6 119.6 104.0
290.01.013 57 220.0° 220.0° 116.0 39.1 24.8 22.4 25.7 16.7
290.01.015 54 80.7° 26.7 225 422.9 93.7 87.3 108.5 62.4
290.01.018 57 43.3° 42.4 35.4 286.8 73.4 102.8 148.6 135.0
290.01.019 52 182.8% 178.4 52.9 178.6 148.6 176.6 61.6 66.9
290.01.020 55 5.2 434 57.0° 100.8 54.3 128.0 43.5 46.6
290.01.021 52 144.42 42.3 70.0 53.8 275 266.2 56.0 29.8
290.01.022 56 57.1 93.6° 50.6 147.9 68.0 720.2 143.3 109.6
290.01.023 56 55.9 84.0° 67.5 220.6 266.1 354.6 640.4 369.4
290.01.025 60 4.0 4.0 4.0 6.4 4.0 5.1 4.0 4.0
290.01.026 64 4.0 22.5 23.5° 16.9 41.7 26.3 69.4 19.4
290.01.028 53 4.0 6.4 10.3° 18.3 36.5 10.1 19.5 150.2
GMT (no. of values) 56.0 (20) 98.9 (20) 73.3 (20) 71.5 (20) 89.2 (19) 103.6 (18) 85.1 (18) 66.1 (18)

Abbreviations: GMT, geometric mean titer; NA, not available; PRNTso, 50% plague reduction neutralization test.

@ Day of peak titer after initial vaccination.
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recipients and placebo recipients. The most common AEs re-
ported were headache and nausea in both vaccine recipients
and placebo recipients. There were no neurologic manifesta-
tions, underscoring the apparent lack of neurotropism of
rWN/DEN4A30, compared with WT WNYV infection [9, 10].
This fact has been well documented in previous studies [12],
but it is an important clinical finding to note, given the risk
of West Nile neuroinvasive disease in adults >50 years old.

Following receipt of a single dose of -WN/DEN4A30, 19 of 20
vaccinees seroconverted to WT WNYV, for an overall serocon-
version rate of 95%. The ability of antibodies induced by the
vaccine to neutralize WT WNV was evaluated against WN99,
the prototypic strain of WNV, and the recent WNO02 genotype
virus. The WNO2 genotype of WNV contains a characteristic,
nonsynonymous Val-159-Ala substitution in the envelop pro-
tein that has been identified in the majority of WNV isolates
since 2002 [13, 15]. The mean peak antibody titer against
both WT viruses was not significantly different. The mean
peak titers (reciprocal) against WNO02, WN99, and vaccine
rWN/DEN4A30 virus were 62, 66, and 155, respectively, after
receipt of the first dose and 26, 48, and 194 following the second
vaccination. Following receipt of the second dose of vaccine, a
rise (<4-fold) in the mean antibody titer, compared with the
mean titer on study day 180, was noted for all 3 viruses. Al-
though replicating virus was not detected in any subject follow-
ing receipt of the second dose, the small increase in anamnestic
response observed following the second vaccination suggests
some viral replication below the assay’s limit of detection
(<0.5 log;o PFU/mL). The high rate of seroconversion following
receipt of the first dose and the lack of 4-fold boost in antibody
titer following receipt of the second dose suggest that a single
dose of vaccine may be sufficient to induce a protective neutral-
izing antibody response. Neutralizing antibody titers at days 180
and 360 were similar. It appears that an acceptable balance of
immunogenicity and attenuation is achieved with 1 dose of
rWN/DEN4A30. The duration of this protection from a single
vaccination is unknown, and further studies to examine the du-
rability of neutralizing antibody may be useful in predicting im-
munization recommendations.

The results of this current study demonstrate that immuniza-
tion with a single dose of rWN/DEN4A30 produces high levels
of neutralizing antibody against WT WNYV, inducing a 95% rate
of seroconversion in an older population. This is an important
observation, as age-related alterations in the immune system
(ie, immunosenescence) may contribute to the increased sus-
ceptibility to infection and corresponding increase in disease
among older adults. Clinically, the majority of severe infections
with WNV occur in adults >60 years of age, thus rendering this
age group an important target population for the vaccine. The
current study reveals that, when given at a dose of 10* PFU, this
vaccine is safe and well tolerated. The neutralizing antibody re-
sponse seen in this older cohort was similar to what had been

demonstrated in previous studies with younger adults, with in-
dividuals in each age group producing comparable mean peak
antibody titers following receipt of one 10* PFU dose of rWN/
DEN4A30 [12]. As there is currently no effective therapy for
WNV infection other than supportive care, an effective vaccine
may be key to reducing the incidence of severe neuroinvasive
disease or death in older adults.
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