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Ross River virus (RRV) is endemic in Australia and several South Pacific Islands. More than 90,000 cases of RRV disease, which is
characterized by debilitating polyarthritis, were reported in Australia in the last 20 years. There is no vaccine available to prevent
RRV disease. A phase 3 study was undertaken at 17 sites in Australia to investigate the safety and immunogenicity of an inacti-
vated whole-virus Vero cell culture-derived RRV vaccine in 1,755 healthy younger adults aged 16 to 59 years and 209 healthy
older adults aged >60 years. Participants received a 2.5-�g dose of Al(OH)3-adjuvanted RRV vaccine, with a second and third
dose after 3 weeks and 6 months, respectively. Vaccine-induced RRV-specific neutralizing and total IgG antibody titers were
measured after each immunization. Vaccine safety was monitored over the entire study period. The vaccine was safe and well-
tolerated after each vaccination. No cases of arthritis resembling RRV disease were reported. The most frequently reported sys-
temic reactions were headache, fatigue, and malaise; the most frequently reported injection site reactions were tenderness and
pain. After the third immunization, 91.5% of the younger age group and 76.0% of the older age group achieved neutralizing anti-
body titers of >1:10; 89.1% of the younger age group and 70.9% of the older age group achieved enzyme-linked immunosorbent
assay (ELISA) titers of >11 PanBio units. A whole-virus Vero cell culture-derived RRV vaccine is well tolerated in an adult popu-
lation and induces antibody titers associated with protection from RRV disease in the majority of individuals. (This study is reg-
istered at www.clinicaltrials.gov under registration no. NCT01242670.)

Ross River virus (RRV) is a mosquito-borne alphavirus, which
causes RRV disease and is the most common and widespread

arboviral disease in Australia and a number of South Pacific is-
lands (1, 2). RRV disease is characterized by debilitating chronic
polyarthritis with severe joint pain, often accompanied by rash,
fever, and malaise (2). Almost all RRV disease patients experience
painful arthritis, and in 80 to 90% of patients there is also joint
stiffness and swelling, typically involving the wrists, knees, ankles,
and small joints of the hands and feet. The elbows, shoulders, feet,
back, hips, and jaw may also be affected. Inflammation may also
cause nerve compression and paresthesia (3). Most patients re-
cover within 4 weeks, but it may take up to 6 months to return to
full physical activity. In some patients, joint and muscle pain and
fatigue persist for many months or even years (3). A quality-of-life
survey conducted in Australia indicated that disability due to RRV
disease may be considered comparable to that of patients with
chronic rheumatoid arthritis, accompanied by significant depres-
sion and anxiety (4).

RRV disease has a substantial financial and social burden on
patients and their communities. An epidemiological study con-
ducted in Australia estimated an average wage loss of �4,000 Aus-
tralian dollars per patient (1). Conservatively estimated, the an-
nual cost of RRV infections in 2001 in Australia alone was
estimated to be between 2.8 and 5.7 million Australian dollars (2);
however, this estimate does not account for public health surveil-
lance, mosquito control, or all diagnostic and medical costs.

RRV is a nationally notifiable communicable disease in Aus-
tralia, where between 2,000 and 8,000 cases of RRV disease are
reported annually, with an incidence rate of approximately 20
annual cases per 100,000 population (5). RRV epidemics can also

occur, as evidenced by large RRV outbreaks in Fiji, Samoa, the
Cook Islands, and New Caledonia in 1979-1980 (6), which af-
fected more than 50,000 people (7).

A large number of different mosquito species, some of which
are found throughout the Asia Pacific region, are capable of trans-
mitting RRV to humans (3). Because some mosquito species that
circulate in the southern states of the United States and New Zea-
land are also capable of transmitting RRV, these regions could
potentially also be affected by RRV disease in the future (1, 8).
Prevention of RRV disease is restricted to avoiding mosquito ex-
posure; however, mosquito control programs are costly (annually
�20 million Australian dollars in Australia) and have no measur-
able effect on the incidence of clinical RRV infections. Emerging
insecticide resistance is also a concern (9). There is no therapy
available to treat RRV disease beyond symptomatic treatment
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with heat, gentle exercise, and nonsteroidal anti-inflammatory
agents (3).

Infection with RRV is considered to afford lifelong immunity
against RRV disease because there are no reports of an individual
having a second clinical infection with RRV and there is no evi-
dence of a clinical RRV infection in individuals with preexisting
RRV-specific IgG antibodies (1). Immunization, therefore, may
provide a cost-effective intervention to prevent RRV disease in
residents of areas where RRV disease is endemic, in travelers, and
in the face of an outbreak such as that in the Pacific in 1978-1980
(1). However, no vaccine is currently available.

We have developed a Vero cell culture-derived whole-virus
inactivated RRV vaccine which is highly protective in animal
models of viremia and disease (10, 11). In a phase 1/2 dose-finding
study, the whole-virus RRV vaccine was safe and well-tolerated in
healthy adults, and a 2.5-�g alum-adjuvanted dose was demon-
strated to be best tolerated and to induce the highest RRV-specific
total IgG and RRV-neutralizing antibody responses. In passive
transfer studies (10), administration of human vaccinee sera from
the phase 1/2 study protected RRV-challenged mice from viremia
and development of arthritic symptoms. Based on the good cor-
relation between neutralizing antibody titers and total IgG anti-
body titers in human sera and protection of animals, a conserva-
tive correlate of protection was defined as a neutralizing antibody
titer of �1:10. In the present study, we report the data from a
pivotal phase 3 study undertaken in Australia to assess the safety
and immunogenicity of the inactivated RRV vaccine in adults �16
years of age.

MATERIALS AND METHODS
Study design and objectives. A phase 3 study was undertaken between 18
April 2011 and 15 October 2012 at 17 study sites in Australia to investigate
the safety, immunogenicity, and lot consistency of three immunizations
with a Vero cell culture-derived whole-virus, 2.5-�g dose of alum-adju-
vanted RRV vaccine in healthy participants aged 16 years or older. A
planned total of 2,010 participants were to be stratified into two groups
aged 16 to 59 (n � 1,800) or �60 (n � 210) years. Participants in both age
groups were randomized 1:1:1 to receive one of three different lots of RRV
vaccine, with a second immunization after 3 weeks and a third after 6
months. Subjects were to record daily oral body temperature, solicited
injection site reactions, and solicited systemic adverse events (AEs) for 21
days after each vaccination and any other AEs for the entire duration of
the study. The study was randomized and blinded with respect to vaccine
lot. A subset of subjects in the younger age group and all subjects in the
older age group were to be included in the immunogenicity analysis.
The vaccine dose, formulation, and vaccination schedule were based on
the results of the phase 1/2 dose-finding study (12), which showed that a
2.5-�g dose of alum-adjuvanted vaccine was the best tolerated and pro-
vided optimal immune responses. Exclusion criteria included a history of
non-trauma-related arthritis, receipt of any vaccination within 30 days
prior to study entry, and pregnancy.

The primary immunogenicity endpoints were RRV-specific neutraliz-
ing (�NT) antibody titers and the rate of subjects with RRV-specific �NT
antibody titers of �1:10, 3 weeks after the third vaccination. The primary
safety endpoint was the frequency and severity of injection site and sys-
temic reactions within 7 days of each vaccination. Secondary endpoints
included RRV-specific �NT titers 3 weeks after each vaccination and 6
months after the first and third vaccinations, the rate of subjects with an
RRV-specific IgG enzyme-linked immunosorbent assay (ELISA) titer (de-
fined as �11 PanBio units [PBU]) 3 weeks after each vaccination and 6
months after the first and third vaccinations, the frequency and severity of
any AE during the entire study period, and the rate of subjects experienc-

ing RRV-like arthritis. This was defined as soft tissue “synovitic” swelling,
i.e., joint effusion or synovial tissue thickening, or both, with or without
pain localized to the affected joint associated with one or more systemic
symptoms consistent with RRV disease (fever, fatigue, malaise, rash, ar-
thralgia, myalgia, lymphadenopathy, splenomegaly, sore throat, diarrhea,
paresthesia, headache, neck stiffness, and photophobia) occurring �3
days after vaccination and lasting �3 weeks.

The relevant review boards and ethics committees approved the
protocol for the study, which was conducted in accordance with good
clinical practice guidelines and the Declaration of Helsinki. Subjects
were eligible to participate if they were clinically healthy, provided
written informed consent, and agreed to keep a daily record of symp-
toms. The trial is registered at www.clinicaltrials.gov under registra-
tion number NCT01242670.

Vaccination and follow-up. The inactivated Vero cell culture-derived
whole-virus RRV vaccine (Baxter) was produced from a viral seed derived
from an RRV isolate from a serologically confirmed case of RRV disease in
Queensland, Australia (13), as previously described (10–12). After harvest
from Vero cells, the virus was inactivated by sequential formalin and UV
light treatment and purified by sucrose gradient ultracentrifugation fol-
lowed by ultrafiltration/diafiltration. The lot consistency was investigated
using three vaccine lots in a planned subset of 1,140 participants in the
younger age group.

Injection site reactions and fever were analyzed according to the FDA
guidelines for toxicity grading for volunteers in preventive vaccine clinical
trials (14). Participants who developed symptoms suggestive of RRV in-
fection were asked to contact the study site immediately for clinical eval-
uation. Blood for serological testing was drawn prior to each immuniza-
tion, 3 weeks after the second immunization, and 3 weeks and 6 months
after the third immunization.

Immunogenicity assessments. RRV-specific neutralizing antibody
responses were assessed using an RRV neutralization assay (�NT), as
previously described (12). RRV-specific �NT titers of �1:10 were consid-
ered positive. RRV-specific total IgG antibody titers were assessed using a
commercially available diagnostic RRV IgG ELISA kit (PanBio Diagnos-
tics, Brisbane, Australia), according to the manufacturer’s instructions. A
positive result is defined as �11 PBU.

Statistical analyses. A sample size of 2,010 subjects was calculated to
be sufficient to detect at least one AE with an underlying incidence rate of
1:1,000 with a probability of �86%. The rates of subjects with at least one
systemic or injection site reaction occurring within 7 days of each vacci-
nation and their 95% confidence intervals (CIs) were calculated separately
for both age groups.

A sample size of 350 subjects receiving a specific lot of the RRV vaccine
in the 16- to 59-year age group was calculated to have sufficient power to
show equivalence between two study lots. The overall power for the
three pairwise comparisons to show immunogenicity equivalence be-
tween all three lots within the 16- to 59-year age group was calculated
to be approximately 82%. To demonstrate lot consistency, the two-
sided 95% CIs of the between-lot ratios of the baseline-adjusted �NT
geometric mean titers (GMTs) 21 days after the third vaccination were
calculated. Lot consistency was achieved if each of the three 95% CIs of
the between-lot ratios was entirely contained in the interval of 0.67 to
1.5. The estimation of the between-lot ratios of GMTs was done using
an analysis of covariance (ANCOVA) framework on the log-trans-
formed �NT titers, accounting for the fixed effect of lot and baseline
�NT titer as a covariate. For the log-transformed �NT titers, a longitudi-
nal analysis was performed within a repeated mixed-model ANCOVA
framework, accounting for the effect of study days, age, gender, and base-
line titer as a covariate. Least-square means and least-square mean differ-
ences between lots and their 95% CIs were estimated within this
ANCOVA framework and back transformed into GMTs and ratios of
GMTs and 95% CIs by exponentiation.
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RESULTS
Study participants. The study profile is shown in Fig. 1. Totals of
1,866 participants aged 16 to 59 years and 240 participants aged
�60 years were enrolled, of which 1,757 and 210, respectively,
were randomized; 1,755 participants aged 16 to 59 years and 209
participants aged �60 years received the first immunization. The
baseline demographic characteristics of all participants receiving
at least one vaccination are shown in Table 1. Both populations
were balanced with respect to all demographic parameters, except
for gender, with a slightly higher proportion of males in the older
age group and a slightly higher proportion of females in the
younger age group. The majority (�90% of vaccinated subjects in
both populations) were white. The demographic characteristics of
the three groups in the younger population who were randomized

to receive three different lots of the vaccine reflected the overall
subject population. All vaccinated subjects were included in the
safety analysis. A subset of 1,134 subjects in the younger age group
and all subjects in the older age group who were immunized at
least once and had immunogenicity measurements at baseline and
21 days after the respective vaccination were included in the im-
munogenicity analysis.

Safety and tolerability. The whole-virus RRV vaccine was safe
and well tolerated in both age groups, and adverse reactions were
predominantly mild in severity. The proportions of mild, moder-
ate, and severe systemic and injection site reactions within 7 days
after each vaccination are shown in Fig. 2. The systemic and injec-
tion site reactions decreased with successive vaccination in both
age groups. The most frequently reported systemic reactions were
headache (�14.7% in the younger age group and �4.9% in the
older age group, after any vaccination), fatigue (�11.6% in the
younger age group and �5.6% in the older age group), and mal-
aise (�7.9% in the younger age group and �6.2% in the older age
group). Fever occurred at a rate of �1.4% in the younger age
group and �0.5% in the older age group. The most frequently
reported injection site reactions were tenderness (�51.7% in the
younger age group and �36.8% in the older age group) and pain
(�37.8% in the younger age group and �17.7% in the older age
group). The solicited systemic and injection site reactions re-
ported within 21 days of the first immunization are shown in
Table 2. No deaths occurred during the study, and no subjects
developed RRV-like arthritis.

Immunogenicity. Substantial neutralizing and total IgG
ELISA titers were induced in both age groups after three doses of
the whole-virus RRV vaccine. The neutralizing antibody GMTs
and the proportion of participants who achieved �NT titers of
�1:10 are shown in Fig. 3. At 21 days after the third immuniza-
tion, �NT GMTs in the 16- to 59- and �60-year age groups were
85.7 (95% CI, 78.18 to 93.95) and 30.2 (95% CI, 23.69 to 38.50),
respectively, with 91.5% (95% CI, 89.6% to 93.2%) of the younger
age group and 76.0% (95% CI, 69.4% to 81.8%) of the older age
group achieving �NT titers of �1:10. Reverse cumulative distri-
butions of neutralizing antibody titers in both populations are
shown in Fig. 4.

FIG 1 Study profile.

TABLE 1 Demographics of the study participants at baseline

Characteristic

Result for age group:

16–59 yr
(n � 1,755)

�60 yr
(n � 209)

Age (mean � SD) (yr) 33.4 � 12.9 65.6 � 4.9
Gender (no. [%])

Male 784 (44.7) 117 (56.0)
Female 971 (55.3) 92 (44.0)

Race (no. [%])
White 1,591 (90.7) 201 (96.2)
Black or African American 12 (0.7) 0 (0.0)
Asian 130 (7.4) 6 (2.9)
American Indian or Alaska Native 0 (0.0) 0 (0.0)
Native Hawaiian or other Pacific Islander 4 (0.2) 0 (0.0)
Aboriginal or Torres Strait Islander 5 (0.3) 0 (0.0)
Multiple 13 (0.7) 2 (1.0)

Wt (mean � SD) (kg) 74.1 � 14.4 77.5 � 14.8
Ht (mean � SD) (cm) 171.8 � 9.5 169.9 � 9.3
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The RRV-specific neutralizing titers were significantly affected
by time (P � 0.001), the logarithmic RRV-specific neutralizing
titer at baseline (P � 0.001), age (P � 0.001), and gender (P �
0.001). The comparisons of GMTs of RRV-specific neutralizing
titers at 21 days after the third vaccination demonstrated lot con-
sistency for the three different vaccine lots tested, based on the
demonstration that the 95% CIs for the ratios of GMTs are en-

FIG 2 Systemic and injection site reactions occurring within 7 days after each immunization. Data are the percentage of participants with mild, moderate, and
severe reactions within 7 days after the first (1), second (2), and third (3) immunizations.

TABLE 2 Participants with solicited injection site and systemic
reactions within 21 days of first immunization

Solicited reaction

Results (no. [%] [95% CI]) for age group:

16–59 yr (n � 1,755) �60 yr (n � 209)

Injection site
Swelling 29 (1.7) (1.1–2.4) 3 (1.4) (0.3–4.1)
Induration 32 (1.8) (1.3–2.6) 6 (2.9) (1.1–6.1)
Redness 25 (1.4) (0.9–2.1) 3 (1.4) (0.3–4.1)
Pain 664 (37.8) (35.6–40.2) 37 (17.7) (12.8–23.6)
Ecchymosis 73 (4.2) (3.3–5.2) 9 (4.3) (2.0–8.0)
Tenderness 907 (51.7) (49.3–54.0) 77 (36.8) (30.3–43.8)

Systemic
Malaise 139 (7.9) (6.7–9.3) 13 (6.2) (3.4–10.4)
Fatigue 204 (11.6) (10.2–13.2) 10 (4.8) (2.3–8.6)
Headache 258 (14.7) (13.1–16.4) 10 (4.8) (2.3–8.6)
Nausea 51 (2.9) (2.2–3.8) 3 (1.4) (0.3–4.1)
Vomiting 8 (0.5) (0.2–0.9) 0 (0.0) (0.0–1.7)
Myalgia 128 (7.3) (6.1–8.6) 5 (2.4) (0.8–5.5)
Arthralgia 57 (3.2) (2.5–4.2) 2 (1.0) (0.1–3.4)
Lymph node swelling 39 (2.2) (1.6–3.0) 1 (0.5) (0.0–2.6)
Fever (�38.0°C)a 23 (1.4) (0.9–2.0) 0 (0.0) (0.0–1.8)
RRV-like arthritis 0 (0.0) (0.0–0.2) 0 (0.0) (0.0–0.7)

a Within 7 days.

FIG 3 Neutralizing antibody responses. Geometric mean titer (GMT) of the
�NT responses (A) and percentage of participants with �NT titers of �1:10
(B) at baseline (day 1), 3 weeks after the first immunization (day 22), 3 weeks
after the second immunization (day 43), 6 months after the first immunization
(day 181), and 3 weeks after the third immunization (day 202).
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tirely contained in the interval of 0.67 to 1.5 for any pairwise lot
comparison.

The total IgG ELISA antibody GMTs and the proportion of
participants who achieved ELISA titers of �11 PBU are shown in
Fig. 5. After the third immunization, ELISA GMTs in the 16- to
59- and �60-year age groups were 22.0 PBU and 14.2 PBU, re-
spectively, with 89.1% of the younger age group and 70.9% of the
older age group achieving ELISA titers of �11 PBU.

DISCUSSION

A Vero cell culture-derived whole-virus RRV vaccine is well tol-
erated and immunogenic in a healthy adult population. No vac-
cine-related serious AEs, no cases of arthritis associated with RRV
disease, and low rates of fever were reported. Lot consistency was
demonstrated for 3 different manufacturing lots.

Following natural infection with RRV, which is thought to re-
sult in lifelong immunity, seropositivity is defined, using the stan-
dard diagnostic RRV-specific PanBio IgG ELISA, by the presence
of RRV-specific serum IgG antibodies corresponding to a value of
�11 PBU. A previous study using human vaccinee sera from a
phase 1/2 study of the whole-virus RRV vaccine demonstrated
that a highly significant correlation existed between data gener-
ated using the PanBio IgG ELISA and the �NT assay (r2 � 0.91)
and that the �11 PBU cutoff is equivalent to a neutralizing anti-
body titer of 1:5.7 (10). In mouse passive transfer studies using the
human vaccinee sera from the phase 1/2 study, an RRV-specific
neutralizing antibody titer of �1:3 was sufficient to provide com-
plete protection against an RRV challenge (10). Based on these
data, a neutralizing antibody titer of �1:10 is considered to be a
conservative titer cutoff for an indicator of protection against

FIG 4 Reverse cumulative distributions of neutralizing antibody responses. Data are the percentage of participants with �NT titers above each titer cutoff at
baseline (day 1), 3 weeks after the second immunization (day 43), and 3 weeks after the third immunization (day 202) in participants aged 16 to 59 years (A) and
participants aged �60 years (B).
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RRV disease in humans. In this phase 3 study, after the third im-
munization, 91.5% and 76.0% of the 16- to 59- and �60-year age
groups achieved �NT titers of �1:10, and 89.1% of participants in
the younger age group and 70.9% in the older age group, respec-
tively, achieved titers of �11 PBU. Thus, the majority of partici-
pants in both populations had seroprotective �NT titers after
three immunizations with the whole-virus RRV vaccine, and titers
of serum IgG antibodies after three immunizations were higher
than the serological IgG ELISA titer threshold (�11 PBU) associ-
ated with protection after natural infection with RRV.

The immunogenicity profile of the 2.5-�g adjuvanted RRV
vaccine in the younger age group is highly consistent with that
previously demonstrated for this dose and formulation in a phase
1/2 study in adults aged 18 to 49 years (12). There are no other
reported clinical studies of RRV vaccines. Several other inacti-
vated whole-virus candidate vaccines against other alphaviruses
such as Venezuelan equine encephalomyelitis virus, Eastern
equine encephalomyelitis virus, and Western equine encephalo-
myelitis virus have been developed (15–20), but none have been
licensed for human use and clinical data are limited. More exten-
sive clinical data are available for inactivated, whole-virus vaccines
to prevent diseases caused by flaviviruses, which structurally re-
semble alphaviruses, such as tick-borne encephalitis virus
(TBEV), Japanese encephalitis virus, and yellow fever virus (21–
23). The most extensively studied flavivirus vaccine is an alum-

adjuvanted inactivated whole-virus TBEV vaccine, which has
been demonstrated to be safe and immunogenic in a multitude of
clinical studies (24–30) and which has been used in Europe for
several decades. In field studies, it has been demonstrated that
three immunizations with a 2.4-�g dose of the inactivated whole-
virus TBEV vaccine provide approximately 99% effectiveness in
preventing tick-borne encephalitis (22).

A limitation of our study is that we could not demonstrate
vaccine efficacy in this phase 3 trial. Because of the relatively low
incidence of RRV disease in Australia, it would have been neces-
sary to enroll between 40,000 and 60,000 participants in order to
evaluate vaccine efficacy or effectiveness in a phase 3 study. Sub-
stantial data from animal models which demonstrate the protec-
tive efficacy of the vaccine are available. However, postlicensure
studies such as a field effectiveness study need to be conducted to
confirm the validity of the immunological correlate, as well as
safety studies to further evaluate the safety of the vaccine, partic-
ularly with regard to the occurrence of unexpected rare AEs. Fur-
ther studies will also need to be undertaken to investigate the
long-term seropersistence of the antibody response to provide
long-term protection and to determine the requirement for any
booster immunizations.
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