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Abstract

A clinical trial of measles and rubella combined vaccine (MR: MRV AC) pro-
duced by POLYVAC was conducted in Vietnam in 2016. A total of 756 sub-
jects were enrolled, and 504 were allocated to MRVAC and 252 to control MR
vaccine groups. Paired sera were obtained in 733, and the number of subjects
was 403 aged 1 - 2 years, 164 aged 2 - 18 years, and 166 aged 18 - 45 years.
Antibodies against measles and rubella viruses were evaluated by EIA. Most
subjects had been immunized with a single dose of Expanded Programme on
Immunization (EPI) measles vaccine at 9 months of age. Only 41 of 403 sub-
jects aged 1 - 2 years were negative for measles antibody before vaccination,
and all became seroconverted. A serological response of more than a 2-fold
increase against measles was noted in 214 (47%, 95% CI; 42.4% - 51.6%) of
458 initially seropositive individuals immunized with MRVAC and 65 (28%,
95% CI; 22.3% - 33.8%) of 234 in the control group, and geometric mean titer
(GMT) after vaccination was 2>*?% in MRVAC and 2°%>* in control group.
Seroconversion against rubella virus after immunization with MRVAC was
noted in 267 (98.5%, 95% CI; 97.1% - 100%) of 271 initially seronegative sub-
jects, similar to that after immunization with control group. GMT after im-
munization with MRVAC was 2*%*!! significantly lower than that after im-
munization with control vaccine (2>*>%). Most subject > 2 years of age had
rubella antibody because of MR vaccination campaign and no significant se-
rological response was observed in initially seronegatives. MRV AC was highly
immunogenic and safe vaccine and the domestic production of MR vaccine
would contribute to realizing the goal of eliminating measles and rubella.
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Measles and Rubella

1. Introduction

Many kinds of live attenuated measles vaccine strain have been used, and Mora-
ten, Schwarz, Edmonston Zagreb, and AIK-C strains were developed from the
Edmonston strain, isolated from peripheral blood of measles patient in 1954.
They were adapted through extensive passages in chicken embryo fibroblasts
(CEF) [1]. Before 2000, measles deaths were estimated at 870,000 every year, and
the WHO and UNICEF implemented the Expanded Programme on Immuniza-
tion (EPI) in 1974 to increase the vaccine immunization rates of infants under
one year of age, declaring measles eradication to be the most practical strategy
[2]. Initially, the target year of measles eradication was 2010, but it was not rea-
lized. Several outbreaks were reported in the UK, France, and Germany in the
E.U.in 2011 [3] [4]. Although 2015 was a renewed target year, several imported
cases were reported in the U.S., E.U., and Japan from Africa and Southeast Asia,
where measles is still prevalent and not under control. Measles cases were re-
ported in many countries and 134,200 measles-related deaths were estimated in
the world in 2015 with approximately 85% single-dose vaccine coverage [5]. The
WHO recommended a two-dose immunization schedule in countries where the
immunization rate for the first dose was >95% [5].

Rubella is not serious febrile illness with systemic rash, but it causes the severe
congenital rubella syndrome (CRS) when pregnant women are infected in the
first trimester period. Rubella virus was isolated in 1962. The RA27/3 strain was
established through serial passages in human diploid cells at a lower tempera-
ture, which has been widely used [6]. Rubella vaccine was not included in the
EPI vaccines until recently, and rubella monovalent, MR, and MMR vaccine are
recommended in EPI vaccine for reducing the number of CRS. Although the
number of patients with measles decreased through the EPI action, more than
100,000 cases with CRS were estimated, and therefore the Measles and Rubella
Initiative was launched to eradicate measles-related deaths and births with CRS.
The target has been renewed to achieve measles and rubella elimination in at
least five WHO regions by 2020 [5].

The WHO summarized the status of the measles and rubella outbreaks and
recommended rubella together with measles vaccination. The Ministry of Health
in Vietnam asked JICA to support producing an MR combined vaccine, consi-
dering the benefits of a combined immunization strategy. POLYVAC success-
fully produced measles vaccine and the urgent supply of 5 million doses of mo-
novalent measles vaccine to prevent a further expansion of measles outbreak in
2014 [7]. Technical transfer to produce MR vaccine started in 2013 using rubella
Takahashi and measles AIK-C strains, and the results of a phase III clinical study

are presented in this report.
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2. Materials and Methods

2.1. Vaccines and Immunization Schedule

A randomized clinical trial was conducted using MRVAC produced by
POLYVAC in Hanoi, Vietnam, containing the AIK-C measles and Takahashi
Rubella vaccine strains > 10° pfu/dose [8] [9], and MR control vaccine produced
by the Serum Institute of India, containing Edmonston-Zagreb and RA27/3
strains. Each vaccine component contained >10° CFU. The study design was ap-
proved by the Ethics Committee of Vietnam Ministry of Health.

The purpose of the study was to assess the non-inferiority of MRVAC within
10% difference of the seroconversion rates for measles and rubella. Healthy
children and adults aged 1 to <45 years were included. The main exclusive crite-
ria implied severe acute illness, any history of anaphylaxis after immunization
with similar vaccine components, and any past medical history of the illness re-
lated to immunological disorders. Clinical trial was conducted in two different
sites, Hoa Binh and Ha Nam provinces, from April to July 2016. A total of 756
subjects were enrolled, and 504 were allocated to the MRVAC group and 252
to the control group, giving a ratio of 2:1, with three different age groups: 420 at
1 - 2 years, 168 at 2 - 18 years, and 168 at 18 - 45 years. The details of the number
of the subjects in the different age groups are shown in Table 1. The
male/female ratio was 217/287 in the MRVAC and 160/92 in the control group.
Paired sera were obtained from 733 and the number of subjects was 403 at 1 - 2

years, 164 at 2 - 18 years, and 166 at 18 - 45 years.

2.2. Serological Study

Paired sera were not obtained from 23 recipients out of 756 because of refusal of
blood taking at the second visit and a total of 733 paired sera were examined for
serological responses. Vaccine efficacy was evaluated by EIA antibodies, using
measles and rubella EIA kits (Denka Seiken, Tokyo, Japan). Briefly, serum sam-
ples were diluted to 1:200 and all procedures followed the instruction manual.

EIA titers are expressed as EIA units, referring to the standard sera (Denka

Table 1. Age distribution of recipients of MRVAC and control vaccine.

1-2years MRVACControl 2-18years MRVAC Control 18 -45years MRVAC Control

12-<14 M 49 25 2-<6Y 41 20 18-<27Y 38 15
14-<16M 63 36 6-<10Y 26 14 27-<36Y 46 32
16 -<18 M 75 34 10-<14Y 34 16 36-45Y 28 9
18-45Y
18-<20 M 49 23 14-<18Y 11 6 112 56
Total
20-<22 M 31 16 2-<18Y Total 112 56
22-<24M 13 6

1-<2Y Total 280 140
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Seiken, Tokyo, Japan). EIA units < 4 are considered as seronegative. Seroconver-
sion was defined as a two-fold increase in the titers from just before to 6 - 8

weeks after immunization.

2.3. Assessment of Adverse Reactions

Adverse reactions were collected to memorize the diary to check the occurrence

of solicited symptoms until 4 weeks after vaccination.

2.4. Statistical Analysis

For statistical analysis, seroconversion rate was assessed by chi-square method
and Welch’s t test to assess the significance of GMT. Significance was defined as

p < 0.05, using STAT I software.

3. Results

3.1. Serological Response against Measles Virus

Among the 756 subjects immunized, paired sera were obtained from 733 sub-
jects, shown in Table 1. The distribution of the number of the subjects was 403
at 1 - 2 years, 164 at 2 - 18 years, and 166 at 18 - 45 years. Most subjects had al-
ready been immunized with a single dose of the EPI measles vaccine at 9 months
of age and supplemental immunization with MR vaccine at 18 months of age,
and only 41 subjects were negative for measles antibody before vaccination. 30
were MRVAC group and 11 in the control groups. The results of serological re-
sponse against measles virus are shown in Table 2. All subjects of initially sero-
negatives became seroconverted, and GMT after immunization with MRVAC
was 2(5435: 95% CI; 5405-5.65), belng Slgnlﬁcanﬂy hlgher thal‘l 2(4471: 95% CI; 4.20-5.23) ln the
control group. A total of 692 subjects were initially seropositive against measles
virus and 458 were MRV AC group and 234 in the control group. Seroconversion
rate was 214/458 (47%, 95% CI; 42.4 - 51.6%) in MRV AC group, which was sig-
nificantly higher than in the control group 65/234 (28%, 95% CI; 22.3% - 33.8%).
GMT after immunization with MRVAC was 20°% %% ¢ 349560 showing signifi-

cant higher titers of 2 (14 9% Cl 503-524)

in the control group.

Serological response of the subjects initially seropositive was analyzed in the
different populations and the results are shown in Figure 1. A higher serological
response showing more than 2-fold increase was noted inl121 (47.6%) of 254
subjects at 1 - 2 years immunized with MRVAC and in 41 (31.3%) of 131 in the
control group. The seroconversion rate was higher in the MRVAC than control
groups for each age group: in the group aged 2 - 18 years, 68/100 (68%) for
MRVAC and 16/49 (32.7%) for the control group, in the group aged 18 - 45
years, 25/104 (24.0%) for MRV AC and 8/54 (14.8%) for the control group. GMT
was 2452 9% Ch442:461) hefore vaccination and 2% 9% €5 54950 after immunization

with MRVAC and was 2458 95% CLi444473) hafgre vaccination and 20514 95% €l 503-524)

after immunization with the control vaccine. MRVAC induced significantly
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Table 2. Serological responses against measles virus in initially seronegative and seropo-
sitive subjects.

n Seroconversion Mean* 1.0 SD 95% CI*
Measles MRVAC post 30 30/30 (100%) 5.35 0.81 5.05 - 5.65
pre () Control post 11 11/11 (100%) 471 0.77 420-523
pre 458 452 1060  4.42-461
MRVAC 214/458 (47%)
post 458 555  0.604 5.49 - 5.60
Measles 95% CI; 42.4% - 51.6%
pre (+) pre 234 459 1146  444-473
Control 65/234 (28%)
post 234 514 0.075 5.03 - 5.24

95% CI; 22.3% - 33.8%

*: Antibody titers of measles virus after immunization shown as 2"

80% < 7
Sero-conversion GMT
70%

60%

50%

30%

—

20%

10%

|
i

0%

1<2  2-<18 18-<45 Total Pre Post , Pre Post
years years years (n=692) 4.42- 5.49- 14.44- 5.03-

(n=385) (n=149) (n=158) 461 560 ,4.73 5.24
POLYVAC MR M Control POLYVAC Control

Figure 1. Seroconversion rates in different age groups in in-
itially seropositives and GMT before and after immunization.

stronger serological responses than the control vaccine.

3.2. Serological Response against Rubella Virus

Rubella vaccine was not included in EPI vaccines before 2014, but MR vaccine
produced by the Serum Institute of India was administered for immunization
campaign as the second dose of the measles component at 18 months of age
from 2015. Most subjects aged 1 - 2 years were seronegative for rubella virus,
and most subjects over 2 years of age were seropositive. Seroconversion for ru-
bella virus is shown in Table 3. Seroconversion after immunization with
MRVAC was noted 267 (98.4%, 95% CI; 97.1% - 100%) of the 271 initially sero-
negative subjects, similar to that after the control vaccine, in 139 (99.2%, 95% CI;
98.0% - 100%) of 140. Including subjects of initially seronegative aged > 2 years,
GMT after immunization with MRVAC was 26:0%9%Ch 485510 heing Jower than
that after immunization with control vaccine of 2% 9% Cli 2:59-580)

Seroconversion rates against rubella virus are also investigated for initially se-
ropositive subjects immunized with MRVAC and control groups. Most seropo-
sitives had high levels of rubella antibodies > 2° before immunization. A more
than 2-fold higher serological response was rarely observed in either group. No

significant increase was demonstrated in both vaccine groups.
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Table 3. Serological responses against rubella virus in initially seronegative and positive
subjects.

n Seroconversion Mean 1.0 SD 95% CI
267/271 (98.5%)
MRVAC post 271 5.00 096  4.88-5.11
Rubella 95% CI; 97.1% - 100%
- 139/140 (99.3%
pre () Control  post 140 / ( ) 5.69 0.64 5.59 -5.80
95% CI; 98.0% - 100%
pre 217 5.65 0709  5.55-574
MRVAC 1/217 (0.5%)
post 217 5.64 0.663 5.56-573
Rubella 95% CI; 0% - 1.4%
pre (+) pre 105 5.62 0.774  5.47-577
Control 5/105 (4.8%)
post 105 5.82 0550 5.71-592

95% CI; 0.8% - 9.2%

3.3. Safety Profile

A total of 756 subjects were enrolled to analyze the safety issue: 504 for MRVAC
and 252 for the control vaccine. The incidence of local reactions such as pain,
eruption, and swelling are shown in Table 4. Eruption was demonstrated in
13/280 (4.6%, 95% CI; 2.2% - 7.1%) of subjects aged 1 - 2 years immunized with
MRVAC, being lower than the 15/140 (10.7%, 95% CI; 5.6% -15.8%) after im-
munization with the control vaccine. No significant difference was observed in
the occurrence of local pain and swelling at the injection site.

The incidence of systemic adverse events is shown in Table 5. No significant
difference was observed in the incidence of systemic adverse events, febrile ill-
ness, discomfort, cough, diarrhea, or sore throat between the MRVAC and con-
trol groups

Two serious cases were reported. Case No. 1 was a two-year-old boy, who
complained of fever and acute abdominal pain six days after immunization with
MRVAC. He was diagnosed with appendicitis and recovered after appendecto-
my. Case No. 2 was a 27-year-old female, who complained of localized pain,
redness, and swelling at the injection site. She was diagnosed with a subcutane-
ous abscess and recovered after incision and chemotherapy. They were discussed
by the Committee for Judgement of Adverse Events organized in the vaccine’s
clinical trial and were judged as incidental events not-related to the immuniza-

tion.

4. Discussion

Measles is a life-threatening illness and measles infection causes transient im-
munological disorders resulting in secondary infections, such as pneumonia and
diarrhea. Malnourished children in developing countries are more likely to have
severe complications: blindness caused by deficiency of vitamin A, delayed de-
velopment, and neurological sequelae. Rubella is a mild illness but cause CRS
when pregnant women were infected with rubella virus at first trimester gesta-
tional period. Therefore, measles and rubella infections are still major infectious

diseases threatening children’s health. The Measles and Rubella Initiative was
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Table 4. Incidence of local adverse events within 7 days after immunization.

Local pain at injection site

Age groups MRVAC Control
1-2 years 9/280 (3.2%) (95% CL; 1.1% - 5.23%)  5/140 (3.6%) (95% CL 0.51% - 6.7%)
2 - 18 years 0/112 0/56
18 - 45 years 1/112 (0.9%) (95% CI; 0% - 2.7%) 0/56
Total 10/504 (2.0%) (95% CI; 0.8% - 3.2%) 5/252 (2.0%) (95% CI; 0.3% - 3.7%)

Eruption at
injection site

Age groups MRVAC Control
1-2 years 13/280 (4.6%) (95% CIL; 2.2% - 7.1% )  15/140 (10.7%) (95% CI; 5.6% - 15.8%)
2 - 18 years 1/112 (0.9%) (95% CI; 0% - 2.7%) 2/56 (3.6%) (95% CI; 0% - 8.5%)
18 - 45 years 1/112 (0.9%) (95% CI; 0% - 2.7%) 0/56
Total 15/504 (3.0%) (95% CI; 1.5% - 4.5%) 17/252 (6.7%) (95% CI; 3.6% - 9.8%)
Swelling at
injection site
Age groups MRVAC Control
1-2 years 2/280 (0.7%) (95% CI; 0% - 1.7%) 2/140 (1.4%) (95% CI; 0% - 3.4%)
2 - 18 years 1/112 (0.9%) (95% CI; 0% - 2.7%) 1/56 (1.8%) (95% CI; 0% - 5.3%)
18 - 45 years 1/112 (0.9%) (95% CI; 0% - 2.7%) 2/56 (3.6%) (95% CI; 0% - 8.48%)
Total 4/504 (0.8%) (95% CI; 0% - 1.6%) 5/252 (1.9%) (95% CI; 0.2% - 3.6%)

launched in 2001, and measles still killed an estimated 115,000 children and CRS
affected 100,000 births every year [5] [10].

In Vietnam, approximately 1.5 million babies are born each year. A nation-
wide supplementary immunization campaign for children aged 9 months to 9
years was conducted several times in the north, south, and highlands of Vietnam
from 2002 to 2003. The number of reported cases of measles was reduced to
2245 cases in 2003 after the introduction of a measles vaccine campaign. Vaccine
coverage at 9 months of age was more than 95%, with an approximately 90% se-
roconversion rate. A two-dose strategy of measles immunization was imple-
mented in Vietnam at the age of 9 - 11 months and 18 months since 2006. De-
spite improving vaccination coverage, rapid measles resurgence was observed in
2005-2010 and 2014 [11] [12] [13]. Vaccine coverage of the first dose was esti-
mated approximately at 85% in 2011-2014, but the coverage differed depending
on the ethnic minority, socio-economic and education backgrounds [14]. The
two-dose routine measles vaccine schedule with supplemental immunization
campaigns requires many doses of the measles vaccine. The Japan International
Cooperation Agency (JICA) and Kitasato Daiichi Sankyo Vaccine (KDSV)
started the two-step technical transfer of the measles vaccine production project
in 2006, with the first step being the production of final products using imported

bulk materials from Kitasato Institute, Tokyo, Japan, and the second step being
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Table 5. Incidence of systemic adverse events within 28 days after immunization.

Fever Cough
Age groups MRVAC Control Age groups MRVAC Control
1 -2 years 27/280 (9.6%) 11/140 (7.9%) 1 -2 years 11/280 (3.9%) 5/140 (3.6%)
2 - 18 years 3/112 (2.7%) 1/56 (1.8%) 2 - 18 years 1/112 (0.9%) 0/56
18 - 45 years 3/112 (2.7%) 1/56 (1.8%) 18 - 45 years 1/112 (0.9%) 0/56
Total 33/504 (6.5%) 13/252 (5.2%) Total 13/504 (2.6%) 5/252 (2.0%)
(95% CI; 4.4% - 8.7%) (95% CI; 2.5% - 7.9%) (95% CI; 1.2% - 4.0%) (95% CI; 0.3% - 3.7%)
Discomfort Sore throat
Age groups MRVAC Control Age groups MRVAC Control
1 -2 years 20/280 (7.1%) 10/140 (7.1%) 1 -2 years 6/280 (2.1%) 2/140 (1.4%)
2 - 18 years 1/112 (0.9%) 0/56 2 - 18 years 1/112 (0.9%) 0/56
18 - 45 years 1/112 (0.9%) 0/56 18 - 45 years 1/112 (0.9%) 0/56
Total 22/504 (4.4%) 10/252 (4.0%) Total 8/504 (1.6%) 2/252 (0.8%)
(95% CI; 2.6% - 6.2%) (95% CI; 1.6% - 6.4%) (95% CI; 0.5% - 2.7%) (95% CI; 0% - 1.9%)
Diarrhea
Age groups MRVAC Control
1 -2 years 1/280 (0.4%) 3/140 (2.1%)
2 - 18 years 0/112 0/56
18 - 45 years 0/112 0/56
Total 1/504 (0.2%) 3/252 (1.2%)

(95% CI; 0% - 0.6%)

(95% CI; 0% - 2.5%)

production from the seed strain. The results of clinical trials were reported whe-
reby the vaccines induced higher immunogenicity in comparison with the EPI
vaccine, with a low incidence of adverse reactions [15]. The domestic production
of AIK-C measles vaccine was licensed in 2010. The number of patients was re-
duced, but a large outbreak occurred originating from the northern mountain
border region. Finally, 6613 confirmed cases were reported in 2014 and the out-
break was controlled through the urgent supply of 5 million doses [16].

From January 2011 to December 2012, 424 infants suspected of having CRS
were reported in Vietnam after the 2010-11 epidemic, and 292 infants were con-
firmed as CRS [17]. It spread to several countries [18] [19], and large outbreaks
began mainly involving adult males in Japan in 2012 and continued to 2013 [20].
During the outbreak, a total of 45 patients with CRS were reported in Japan [20].
As well as rubella outbreaks, sporadic importations of measles were reported.
Genotypic investigation of circulating rubella and measles viruses identified
them as strains prevalent in Southeast Asia and China, with large number of re-
ported cases [18] [19] [21].

Yet, measles and rubella can be prevented with two doses with a high bene-
fit/cost ratio [22] [23]. Especially, Thompson and Odahowski [24] reported sig-
nificantly higher costs and health consequences of measles and rubella disease

than vaccine use, with the expected disability-adjusted life year (DALY) loss for
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cases of disease generally at least 100 times the loss per vaccine cost.

The global birth cohort is approximately 134 million, and 300 million doses of
MR or MMR vaccines would be required. A stable supply at an affordable cost
would increase vaccine coverage and contribute to measles and rubella eradica-
tion. Most vaccines in developed countries are produced in the U.S. and E.U.,
but recently vaccine manufacturers in developing countries began to supply the
EPI vaccines [25]. The domestic capacity for vaccine production can cope with
unexpected outbreaks. Regional control of measles and rubella contributes to
global and not just regional health.

In the present clinical study, MR vaccine produced by POLYVAC, Vietnam,
showed efficient serological response against measles and rubella. Seroconver-
sion rate against measles virus and GMT were higher than control MR vaccine.
Limitation of the present study, MR vaccine was administered to infants > 1 year
of age, assumed that MR vaccine would be used as the second dose. To simplify
the immunization schedule, the immunogenicity and safety should be examined
for those aged 9 months. Although small number of initially seronegative for
measles was recruited, immunogenicity and safety of AIK-C measles vaccine
produced by POLYVAC were proved after the licensure. Seroconversion rate
against rubella virus was similar to that observed in control MR group with
slightly lower GMT titers. There was no significant difference in the incidence of
adverse reactions. Constant production of domestic MR vaccine would contri-
bute to promote public health in Vietnam, and, in future, it will be shipped to

Southeast Asian counties for EPI.
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